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ELECTRIC   LIGHTING. 

(PART  1.) 


INTRODUCTORY. 

1.  The  subject  of  electric  lighting  involves  a  considera- 
tion of  the  different  methods  used  for  carrying  out  artificial 
illumination  by  means  of  electrical  energy.  This  means  that 
not  only  must  the  actual  means  of  converting  the  electrical 
energy  into  light  be  considered,  but  that  the  methods  used 
for  its  generation  and  distribution  must  also  be  given  due 
attention. 

2.  There  are,  in  general,  two  methods  in  common  use 
for  producing  light  by  means  of  electricity:  (a)  By  means 
of  incandescent  lamps ;  and  (d)  by  means  of  arc  lamps. 

Both  of  these  methods  are  extensively  used,  the  arc  light 
being  especially  adapted  for  street  lighting,  although  it  is 
largely  used  for  interior  lighting  as  well.  The  principal 
field  for  incandescent  lighting  is  interior  illumination,  but 
incandescent  lamps  are  also  used  for  street  lighting, 
esj^ecially  in  places  where  the  streets  are  thickly  shaded  by 
trees,  or  in  cases  where  a  fairly  uniform  distribution  of  light 
is  desired. 

3«  In  the  incandescent  electric  lamp,  light  is  produced 
by  bringing  a  continuous  conductor  of  high  resistance  to  a 
very  high  temperature  by  passing  a  current  through  it.  If 
a  current  is  sent  through  a  conductor,  there  will  be  a  certain 
loss  of  energy  in  the  conductor  due  to  the  resistance  that 
the  current  encounters  in  flowing  through  it,  and  this  loss 
reappears  in  the  form  of  heat.     In  the  incandescent  lamp, 
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1  ELECTRIC  LIGHTING.  §  16 

service  with  old  or  cheap  lamps  that  soon  run  down  in 
candlepower.  Central-station  managers  are  coming  to  real- 
ize this  point  more  than  was  once  the  case  and  are  devoting 
more  attention  to  the  quality  of  the  lamps  that  they  buy; 
in  fact,  most  progressive  companies  now  provide  means  for 
testing  their  lamps. 


CONSTBUCTION  OF  LAMPS. 

8.  Karly  Exi>orlnientsi.  —  It  was  not  long  after  the 
invention  of  the  arc  lamp  until  inventors  turned  their  atten- 
tion to  the  production  of  electric  light  by  heating  continuous 
conductors  to  a  high  temperature  by  means  of  the  current, 
instead  of  using  the  arc,  because  the  early  forms  of  arc 
lamps  were  not  well  suited  to  interior  illumination.  The 
first  c.\i»eriments  were  made  with  platinum  or  iridium  wire. 
These  wires  were  mounted  in  the  open  air  and  current  sent 
through  them,  the  current  bringing  the  wire  to  a  white 
heat  and  thus  causing  light  to  be  given  off.  All  these  lamps 
proved  failures  because  the  wire  very  soon  burned  out. 
The  temjMirature  to  which  it  had  to  be  raised  was  very  near 
the  melting  point  of  the  metal,  and  if  great  care  were  not 
exeri-istd  ihe  wire  would  fuse.  In  later  experiments,  the 
wire  was  enclosed  in  a  glass  globe  from  which  the  air  was 
exhausted.  This  was  a  great  step  in  advance,  because  it 
prevented  the  conductor  from  becoming  oxidized  and  thus 
destmyeii  by  the  action  of  the  air;  it  also  prevented  the  wire 
cimliiig  off  so  fast,  and  thus  allowed  the  high  temperature  to 
be  maintainci!  by  a  much  smaller  current  than  would  be 
rei[uir(Tr]  wire  the  wire  heated  in  the  open  air.  Even  when 
the  ](lalinum  or  iridium  wire  was  enclosed  in  a  glolw  from 
wliii'h  the  air  had  been  exhausted,  it  was  found  that,  although 
ihi:  lainjis  were  very  much  improved,  they  were  not  suitable 
fc)r  eomnicrcial  use.  It  became  evident  that  some  sub- 
stance  that   would    be   cheaper  and  capable  of  standing  a 
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9.  There  has  been  considerable  discussion  as  to  who  in- 
vented the  incandescent  lamp,  and  the  probabilities  are  that 
its  invention  was  not  due  to  any  one  person.  Edison  tried 
a  great  many  experiments  to  determine  the  best  substance 
for  the  conductor,  or  fllament,  as  it  is  usually  called.  The 
material  that  he  finally  selected  was  bamboo  fiber,  which 
was  cut  to  the  proper  size  and  then  carbcmized.  Maxim 
made  lamps  with  filaments  of  carbonized  paper.  These 
lamps  embodied  all  the  essential  parts  contained  in  the 
modern  lamp  shown  in  Fig.  1,  but  lamps  as  now  made  are 
very  much  improved  in  efficiency  and  are  decidedly  cheaper. 
The  work  of  Edison  undoubtedly  first  placed  the  incandes- 
cent lamp  on  a  commercial  basis. 

1().  Filuineiits. — As  mentioned  before,  bamboo  was  used 
at  one  time  for  the  construction  of  lamp  filaments.  Fig.  2 
shows  the  general  shape  of  one  of  these  early  bamboo  fila- 
ments. The  ends  a,  a  were  enlarged  so  that  the  heating  at 
the  joint  between  the  leading-in  wires  and  the  filament 
would  be  much  less  than  that  of  the  filament  proper.     Lamp 


at 


u 


b'    ^b 
(a) 


Fl'..  2. 


Fig.  3. 


filaments  as  now  made  are  usually  in  the  forms  shown  in 
Fig.  )5  (ij),  (/f),  and  (c).  {a)  is  the  plain  loop  filament,  (If)  the 
spiral,  and  (c)  the  oval.  In  Fig.  13  (<),  the  filament  is  fast- 
ened at  .r  to  a  small  platinum  wire  fused  into  the  glass, 
and  is  spoken  of  as  an  iiiichorod  fllainoiit.  This  is  done  to 
prevent  violent  vibrations  of  the  filament,  which  would  tend 
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to  shorten  the  life  of  the  lamp,  and  lamps  of  this  type 
should  be  used  in  any  place  where  they  are  subjected  to 
vibration,  as,  for  example,  on  street  cars.  Filaments  have 
been  made  of  carbonized  silk  or  cotton,  but  the  more  com- 
mon method  of  manufacture  at  present  is  by  what  is  known 
as  the  squirting  process.  This  process  consists  in  squirting 
the  material,  usually  cellulose  or  a  mixture  of  carbonaceous 
materials,  through  dies.  These  threads  are  then  cut  to  the 
proper  length,  wound  on  forms  to  hold  them  to  the  required 
shape,  and  carbonized.  This  process  has  been  found  to  make 
more  uniform  and  very  much  cheaper  filaments  than  the 
older  methods. 

With  the  old  process  of  making  filaments,  it  was  neces- 
sary to  treat  them  to  what  is  known  as  the  flashing  process. 
This  was  necessary  because  the  old-style  filaments  were  not 
uniform  in  cross-section,  and  when  used  in  the  lamps  would 
glow  more  brightly  in  some  spots  than  others  and  soon  burn 
out.  To  overcome  this,  the  filaments  were  placed  in  a  hydro- 
carbon vapor  and  current  sent  through  them  until  they  were 
brought  to  a  red  heat.  The  parts  that  were  small  in  cross- 
section  would  become  hotter  than  the  rest  of  the  filament, 
and  carbon  in  the  form  of  graphite  would  be  deposited  on 
thes(!  parts,  thus  bringing  up  their  cross-section  and  making 
the  fihinu'iit  uniform.  This  process  is  not  necessary  with 
modern  fihimcrnts  in  order  to  make  them  uniform,  but  it  is 
continued,  nevertheless,  because  it  has  been  found  that  the 
layer  of  grai)hitic  carbon  so  deposited  makes  thi^  lamp  have  a 
considerably  higher  efVuMenc^y  than  it  would  otherwise  have. 
Th<'  hiv<r  of*  graj)hitic  carbon  is  a  mucli  poorer  radiator  of 
hr.it  ih.m  the  body  <>f  the  fihinient,  and  thus  allows  the  leni- 
peiiitnn'  necess.iry  for  the  emission  of  light  to  be  niiiin- 
t;iiii<'<l  with  a  less  expenditure  of  energy  than  would  the 
unt  f<;it<Ml  fil.iiucnl.  It  is  this  layer  of  graphititMarbon  that 
j;ives  tin-  filaments  their  familiar  steel-like  api>earance. 

11.  'I'he  si/e  of  the  filament  depen<ls  altogether  on  the 
can(lle|>o\\  <'r  of  tin-  laui|>  and  the  voltage  and  current  with 
which  it  is  to  be  su|)plie(l.      The  lamp  shown  in  I'^ig.  1  is  (»nc 
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platinum,  but  this  practice  has  been  discontinued,  owing  to 
the  high  price  of  the  metal.  Substitutes  for  platinum  for 
the  leading-in  wires  have  been  brought  out  from  time  to 
time,  but  none  of  them  have  displaced  it  as  yet. 

13.  The  WhII>.— The  style  of  bulb  used  to  enclose  the 
filament  is  familiar  to  almost  everybody.  Different  shapes 
are  in  use,  but  by  far  the  most  common  is  the  pear-shaped 
bulb  shown  in  Fig.  1.  The  bulbs  should  not  be  made  too 
small,  because,  as  the  lamp  burns,  the  filament  gradually 
undergoes  disintegration  and  small  particles  of  carbon  are 
thrown  off  and  deposited  on  the  globe.  This  causes  the 
well-known  blackening  of  the  lamp,  and  if  the  bulb  is  very 
small  this  blackening  is  aggravated,  because  the  surface  is 
smaller  and  the  deposit,  for  that  reason,  more  dense. 

14.  Exhtuintion. — Fig.  5  shows  a  lamp  after  the  stem 
carrying  the   filament  and   the  leading-in  wires   have  been 

sealed  into  the  bottom.  The  lamp  is 
now  ready  to  be  exhausted.  In  order 
to  accomplish  this,  a  small  glass  tube 
with  a  narrow  neck  at  ei  is  sealed  into 
the  top  of  the  bulb.  This  tube  is  con- 
nected to  an  air  pump,  and  while  the 
air  is  being  exhausted  a  current  is  sent 
through  the  filament.  This  rurrenl  is 
gradually  increased  as  the  exhaustion 
progresses,  and,  by  heating  the  fila- 
ment, drives  out  any  air  that  may  have 
been  absorbed  by  the  carlmn.  The 
operatiir  can  tell  by  the  performance  of 
the  lamp  when  the  i)ro|nT  dvgree  of 
c.xhaustinn  has  been  ri-ached.  and  seals 
up  thi-  bulb  by  melting  Ihi;  glass  Uilic 
at  the  neck  n. 

Xumenms  methods  have  Vieen  devised 

for  the  cxhausUcin  i>i  lamps.      Ordinary 

mechanical  air  pumps,  i.  c,  pumps  that 

fkj.  5  exhaust  the  air  by  the  operation  of  a 
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process  of  exhaustion  much  more  rapid.  In  this  process, 
the  air  is  first  exhausted  to  quite  a  high  degree  by  mechan- 
ical pumps.  A  gas  is -then  introduced,  which  combines  with 
the  remaining  gases  and  renders  them  incapable  of  acting 
on  the  filament.  The  process  is  in  the  main  kept  secret : 
it  produces  a  vacuum  that  gives  as  good  results  as  that 
produced  by  a  mercurial  pump,  and  the  process  is  much  more 
rapid.  The  chemical  that  is  often  used  is  phosphorus,  a 
small  quantity  of  which  is  placed  in  the  stem  of  the  bulb 
and  heated  when  tiic  mechanical  pumps  have  produced  the 
proper  degree  of  exhaustion. 

15.  Bai<cs. — After  the  lamp  has  been  exhausted,  it  is 
complete  with  the  exception  of  the  base  N,  Fig.  1,  with  which 
it  must  be  provided  in  order  that  it  may  be  readily  attached 
to  the  socket.  These  bases  arc  usually  made  of  brass  and 
porcelain,  the  lamp  being  held  in  them  by  a  setting  of 
plaster  of  Paris  or  cement. 

In  Fig.  5,  the  lower  part  of  the  lamp  is  made  of  such 
shape  that  the  base  will  he  held  securely  when  the  plaster  of 
Paris  is  put  in  place.  The  rib  b  prevents  the  base  from  pull- 
ing off.     The  base  must,  of  course,  provide  two  terminals  for 


ihc  lc;i<ls  from  tht:  filament,  these  terminals  being  arranged 
sn  lli;U  when  th<'  l:Lni]i  is  pla.cd  in  th,-  s.icket,  rnnta.t  will 
bi-  ni;id.-  with  tHM  r.Trrspnndin.M;  t.'niunals.  There  ar<- 
three  dillcrent  bases  lo.nmonly  used  in  Ameriea;  these  are 
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the  Edison ;  the  Thomson- Houston^  or  T.  //.,  as  it  is  more 
commonly  called;  and  the  Westinghoiisc,  or  Sawyer-Man, 
These  bases  are  shown  in  Fig.  7. 

16.  Fig.  7  {a)  shows  the  Edison  base,  of  which  there 
are  more  in  use  than  all  the  others  put  together.  One  end 
of  the  filament  is  attached  to 
the  outer  shell  /',  which  is 
provided  with  a  coarse  screw 
thread.  The  other  terminal 
is  connected  to  the  project- 
ing center  piece  /,  the  two 
brass  pieces  being  separated 
by  means  of  a  porcelain 
piece  c.  When  the  lamp  is 
screwed  into  the  socket,  the 
screw  shell  makes  one  con- 
nection and  the  center  piece 
the  other.  Fig.  8  shows  a 
lamp  screwed  into  an  ordi- 
nary Edison  key  socket. 

Fig.  7  (*)  shows  the  T.  H. 
base,  so  called  because  it 
was  brought  out  by  the 
Thomson  -  Houston  Compa- 
ny. In  this  base,  one  ter- 
minal is  connected  to  a  center 
l)rass  piece  /  in  which  a  hole 
is  drilled  and  tapped.  The 
other  terminal  is  connected  to  the  brass  ring  /'.  Thi,s  base 
has  the  advantage  that  the  outer  shell,  if  one  is  used,  is  in 
no  way  connected  to  the  circuit,  and  there  is,  therefore,  less 
danger  of  receiving  a  shock  by  touching  the  lamp;  it  has 
!>een,  and  still  is,  used  to  a  considerable  extent,  though  it  is 
gradually  going  out  of  use,  as  it  is  more  expensive  to  make 
than  the  Edison  base.  It  works  loose  in  the  socket  a  little 
more  easily  than  the  Edison  base  when  the  lamp  is  sub- 
jected to  vibration.     When  placed  in  the  socket,  terminal  / 
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screws  on  a  projecting  stud,  thus  making  one  connec- 
tion; the  other  connection  is  made  t>y  the  ring  /'  com- 
ing into  contact  with  a  corresponding  ring  or  terminal 
in  the  socket.  The  later  types  of  T.  H.  base  are  made 
of  porcelain  with  a  brass  center  piece  and  outside  ring,  as 
described  above. 

Fig.  7  (<")  shows  the  Westinghouse  base,  or  the  Sawyer- 
Man  base,  as  it  is  sometimes  called,  because  it  was  orig- 
inally brought  out  by  The  Sawyer-Man  Company.  This 
base  is  similar  in  s<)me  respects  to  the  Edison,  but  the 
outer  shell  is  not  threaded;  the  lamp  is  pushed  into 
the  socket,  the  outer  shell  slipping  into  a  split  bushing 
that  is  provided  with  an  annular  groove.  The  rib  // 
slips  into  this  groove  when  the  lamp  is  in  position  and 
prevents  the  lamp  slipping  out.  The  other  connection 
is  made  by  the  projecting  pin  /  coming  inlo  contact  with 
a  spring  in  the  socket.  This  base  has  the  fault  that  it 
sometimes  allows  the  lamp  to  drop  out  of  the  socket  if 
the  split  bushing  does  not  grip  the  rib  (/  properly.  It 
also  makes  comparatively  poor  contacts,  which  become 
worse  with  use. 

17.  When  incandescent  lamps  were  first  brought  into 
use  on  a  commercial  scale,  each  different  maker  had  his 
own  style  of  lamp  basL-,  and  the  result  was 
that  over  a  dozen  different  types  were  in 
use.  The  number  has,  however,  been  grad- 
ually reduced  until  the  three  mentioned 
alwive  probably  include  over  ita  per  cent. 
of  all  the  bases  in  use  in  America.  The 
chances  arc  that  in  ft  few  years  the  Kdison 
base  will  have  replaced  the  others,  because, 
Fu;.  0.  taking  everything  into  consideration,  it  is 

the  best  base  of  the  three.  Even  plants  that  are  equipped 
with  sockets  of  other  makes  arc  fitting  them  with  adapters 
so  that  they  may  be  able  to  use  Edison  base  lamps.  Fig.  9 
shows  an  adapter  for  changing  T.  II.  sockets  to  take  lamps 
with  the  Edison  base. 
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MEASUUKMENT8    jVNJ)    LAMP    CALCUI^VTIONS. 


LIGHT  MEASUREMENTS. 

18.  Incandescent  lamps  are  usually  spoken  of  as  giving 
a  certain  number  of  candlepower.  For  example,  a  lamp  is 
spoken  of  as  giving  16  candlepower  when  it  produces  an 
intensity  of  illumination  equal  to  that  produced  by  16  stand- 
ard candles. 

19«  The  unit  of  brightness  most  commonly  used  is  a 
spermaceti  candle  of  standard  dimensions.  Standard  can- 
dles are  .9  inch  in  diameter  at  the  base,  .8  inch  in  diameter 
at  the  top,  and  10  inches  long;  they  burn  120  grains  of 
spermaceti  and  wick  combined  per  hour.  Six  candles 
weigh  1  pound.  The  candle  is  not  a  very  satisfactory 
standard,  as  it  is  subject  to  considerable  variation,  and 
other  standards  have  been  brought  out  to  replace  the 
candle  in  practical  work.  Various  kinds  of  gas  and  oil 
lamps  have  been  used  for  this  purpose,  which,  although  less 
liable  to  fluctuations  than  the  candle,  have  not  yet  super- 
seded it. 

The  Methveii  screen  is  a  convenient  standard  that  has 
l>een  used  largely.  This  standard  consists  of  an  Argand  gas 
burner  that  is  provided  with  a  screen  that  cuts  off  all  the 
light  from  the  flame  except  that  of  a  small  portion  that  is 
allowed  to  come  through  a  thin-cdgcd  standard  opening  in 
the  screen.  The  size  of  the  opening  is  .233  inch  wide 
and  1  inch  long.  The  height  of  the  flame  is  3  inches  and 
the  screen  is  placed  1^  inches  from  the  axis  of  the  flame.  It 
is  evident  that  the  light  given  by  a  standard  of  this  kind 
will  vary  considerably  \fith  the  quality  of  the  gas  used,  and 
while  it  may  not  be  reliable  as  an  absolute  standard,  it  makes 
a  very  good  working  standard  after  its  candlepower  is  known 
by  comparing  it  with  a  standard  candle.  A  slit  of  the  above 
size  should  emit  about  2  candlepower. 

One  of  the  best  light  standards  is  the  ainyl-acetate  or 
Heftier  unit.  This  lamj)  consists  of  a  small  reservoir  pro- 
vided with  a  wick  tube  of  standard  size.      The  lamp  burns 
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amyl  acetate  and  the  flame  is  adjusted  until  its  tip  is  40  milli- 
meters above  the  top  of  the  wick  tube.  This  standard  is 
very  reliable  and  is  subject  to  little  variation.  It  has  the 
disadvantage  of  giving  a  light  of  reddish  tinge.  The  Hefner 
unit  is  not  quite  as  large  a  unit  of  light  as  the  English  candle, 
the  relation  being  1  candle  =  1.14  Hefner  units. 

For  photometric  tests  connected  with  electric-light  sta- 
tions, neither  the  candle  nor  the  amyl-acetate  lamp  is  used 
as  a  working  standard. 

The  general  practice  is  to  standardize  either  an  incan- 
descent lamp  or  an  oil  lamp  by  comparing  it  with  the  standard 
and  then  use  the  lamp  so  calibrated  for  the  actual  work. 
For  example,  an  incandescent  lamp  might  be  carefully  com- 
pared with  a  standard  candle  and  its  candlepower  accurately 
determined  for  a  given  voltage.  This  lamp  could  then  be 
used  as  a  standard  in  measuring  the  candlepower  of  other 
lamps,  provided  its  voltage  were  maintained  at  the  correct 
value.  A  secondary  standard  of  this  kind  is  very  much  easier 
to  work  with  and  cheaper  to  operate  than  either  a  standard 
candle  or  amyl-acetate  lamp.  An  oil  lamp  may  also  be 
calibrated  in  the  same  way  and  makes  a  satisfactory  second- 
ary standard  for  practical  measurements  when  extreme 
accuracy  is  not  required. 

20.  In  order  to  determine  the  candlepower  of  an  incan- 
descent lamp,  we  must  have  some  means  of  comparing  the 
intensity  of  illumination  produced  by  the  lamp  with  that 
produced  by  the  standard.  An  instrument  for  doing  this  is 
called  a  photoniotor. 

^1.  Iaiw  of  tilt*  l^liotoiiiotor. — vSuppose  that  we  have  a 
candle  placed  at  ./,  Fig.  10,  and  hold  a  screen  />'  at  a  dis- 
tance* of,  say,  :l  feet  from  it.  The  screens  are  here  shown 
bent  so  as  to  represent  portions  of  spherical  surfaces  with  yl 
at  the  center. 

Consider  the  portion  of  the  screen  a  h  c  d.  The  intensity 
of  illumination  on  the  area  a  I)  c  ^/ will  be  a  certain  amount. 
Now,  siip|)ose  the  screen  to  be  moved  back  to  the  position  C\ 
\  feet    from  ./.      The   total  amount    i)f  lij^ht  that  fell  on  the 
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area  abed  will  now  be  distributed  over  the  area  a'  V  c'  d\ 
The  area  a!  b'  c'  d'  is  four  times  that  oi  a  b  c  d,  because  A  in 
is  twice  A  /and  vi  h  is  twice  f  g  or  b'  c'  is  twice  b  c.  The 
total  quantity  of  light  falling  on  the  two  surfaces  is  the  same, 
and  since  the  area  of  a' b' c' d'  is  four  times  that  of  abcd^  it 


Fic.  10. 

follows  that  the  light  per  unit  area  or  the  intensity  of  illumi- 
nation on  a'  b'  e'  d'  is  only  one -quarter  that  on  a  b  e  d.  In 
other  words,  doubling  the  distance  of  the  screen  from  the 
source  has  cut  down  the  intensity  of  illumination  to  one- 
fourth  its  former  value.  If  the  distance  A  m  were  three 
times  as  great  as  A  f,  the  intensity  of  illumination  would  be 
one-ninth  that  on  a  b  e  d.  This  law  may  then  be  stated  as 
follows: 

The  intensity  of  illumination  produeed  by  a  souree  of  light 
on  any  objeet  varies  inversely  as  the  square  of  the  d is  t  a  nee  of 
the  objeet  from  the  souree. 

The  word  inversely  is  used  to  signify  that  the  greater  the 
distance,  the  less  is  the  illumination.  This  may  be  also 
expressed  as  follows:  If  x  is  the  illumination  produced 
and  /is  the  brightness  of  the  sounx*  of  light,  then 
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This  means,  for  example,  that  the  illumination  of  the  sur- 
face will  be  doubled  if  the  candlepower  of  the  source  is 
doubled  and  that  it  will  be  one-quarter  as  great  if  the  dis- 
tance from  the  source  is  doubled. 


25S.  Klementarj'  Photometer. — Suppose,  now,  that  we 
have  two  sources  of  light,  such,  for  example,  as  a  candle  and 
an  incandescent  lamp,  and  that  we  wish  to  compare  the 
brightness  of  these  two  sources.  If  the  candle  A  and  the 
lamp  //  are  placed  in  a  dark  room,  so  that  there  will  be  no 
other  light  to  interfere,  and  a  screen  C  is  placed  between 
them,  as  shown  in  Fig.  11,  one  side  of  the  screen  will  be 
illuminated  by  the  candle  and  the  other  by  the  lamp.  If 
the  candle  and  lamp  were  exactly  of  the  same  brightness,  it 
is  evident  that  the  two  sides  of  the  screen   would  be  equally 


Fig.  11. 

illuminated  wlicn  placed  midway  between  them.  If  the 
screen  is  mounted  so  that  it  can  be  slid  along  between  the 
lights,  a  point  can  always  be  found  where  the  screen  will  be 
etjually  illuminated  on  both  sides.  In  the  present  case,  the 
screen  would  have  to  be  moved  nearer  the  candle  than  the 
lamp,  because  the  candle  is  not  as  bright  as  the  lamp. 
Suppose  that  the  S(Teen  has  been  adjusted  so  that  the 
illumination  is  e(|ual  on  each  side,  and  that  the  distances  (/^ 
and  f/,^  have  been  read  off  i)y  means  of  tlic  scale  .V,  t/^  being 
the  distance  from  the  screen   to  the   standard  candle  and  i/^ 
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the   distance   from   the   screen  to  the  light   that   is  being 
measured. 

Let  x^  be  the  degree  of  illumination  produced  on  one  side 
and  x^  that  on  the  other,  and  /,  and  /,  the  candlepowers  of 
the  standard  and  the  light  being  measured,  respectively. 
Then  from  formula  1,  we  have 

but    since  the  illuminations  on  the  two  sides  are  equal,  we 
must  have 


d^     dy 


1 


Now,  the  candlepower  /,  of  the  standard  is  supposed  to  be 
known,  and  since  the  distances  are  also  known,  the  candle- 
power  /,  of  the  lamp  being  measured  can  at  once  be  cal- 
culated. For  this  purpose,  it  is  more  convenient  to  have 
the  last  equation  in  the  form 

A  =  A  ;/ «•  (2.) 

23.  The  arrangement  shown  in  Fig.  11  is  a  simple  form 
of  photometer,  and  formula  3  expresses  the  relation  l)etwcen 
the  candlepower  of  the  standard  and  that  of  the  lamp  being 
measured.  This  may  be  written  in  the  form  of  a  rule,  as 
follows : 

Ilulc. —  The  candlepoivcr  of  the  lamp  being  tested  on  a 
photometer  is  found  by  multiplying  the  eandlepower  of  the 
standard  by  the  quotient  obtained  by  dividing  the  square  of 
the  distance  of  the  lamp  from  the  screen  by  the  square  of  the 
distance  of  the  standard  from  the  screen. 

Example. — Suppose,  in  Fig.  11,  that  A  is  a  standard  candle  giving 
1  candlepower  and  that  li  is  an  incandescent  lamp.  The  screen  is 
moved  until  a  |x>int  is  found  where  the  two  sides  are  equally  illumi- 
nated. The  reading  on  the  scale  then  shows  that  the  distance  from  the 
standard  is  20  inches.  The  total  distance  between  the  lamps  is 
100  inches.     What  is  the  candlepower  oi  IS} 

J.    UI.-^ 
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Solution. — If  thu  total  length  (»f  the  photometer  is  100  inches^  the 
distance  from  the  himp  t'»  the  screen  must  be  100  —  20  =  W  inches. 
The  candle|x>wer  of  the  standard  is  1 ;  hence,  substituting  in  formula  2, 


A  =  1  X  oil!  =  10  c.  p. 


Ans. 


!24:,  The  liiiiis4Mi  IMiotoiiioter. — The  Bunsen  photom- 
eter has  been  more  largely  used  than  any  other.  It  is 
very  simple  and  is  capable  of  giving  good  results  if  used 
properly.  The  arrangement  of  the  different  parts  is  essen- 
tially the  same  as  that  shown  in  Fig.  11,  but  the  distin- 
guishing feature  of  this  photometer  lies  in  the  style  of  screen 


used.  It  would  be  a  (litfieull  nialter  to  tell  when  a  simple 
sir<-fM  like  tlial  shown  in  T'i^-.  1  1  was  illuminated  ctiually  on 
bntli  sides,  and  to  overcome  this  diillculty  Prof.  Bunsen 
di* vised  the  screen  showji  in  I'ij^.  \'l.  The  screen  is  made 
by  taking  a  piece  of  j^ood  ijuality  (>t  while  ])aper  and  making 
a  .i;r«'asi'  spot  in  its  center,  as  iniliealed  by  the  star  in  Fig.  lH, 
If  su<*h  a  screen  be  held  so  that  the  front  side  is  more  strongly 
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illuminated  than  the  back  side,  the  grease  spot  will  appear 
dark  on  the  white  ground  of  the  paper,  as  shown  in  (a).  If, 
however,  the  screen  be  more  brightly  illuminated  on  the 
back  side,  as,  for  example,  if  it  were  held  between  the  eye 
and  a  window,  the  grease  spot  will  appear  light  on  a  dark 
ground,  as  shown  in  (b).  If  such  a  screen  is  mounted  in 
place  of  the  screen  S  in  Fig.  11,  and  arranged  so  that  both 
sides  may  be  seen  at  once,  the  grease  spot  will  disappear 
almost  entirely  when  the  two  sides  of  the  screen  are  equally 
illuminated.  In  order  to  facilitate  the  observation  of  the 
screen,  it  is  usually  arranged  with  two  mirrors  mounted  at 
a  slight  angle  to  it,  as  shown  at  MM  in  (r).  5  is  the  screen 
with  the  grease  spot,  and  the  observer  looks  at  the  reflection 
of  the  two  sides  of  the  screen  in  the  mirrors  instead  of  the 
screen  itself.  This  screen  with  the  mirrors  is  mounted 
in  a  box,  which  is  open  at  the  ends  to  admit  the  light  from 
the  sources  and  which  is  also  provided  with  an  opening  in 
the  front  to  enable  the  observer  to  see  the  reflections  of  the 
screen. 

26,  Fig.  13  shows  the  arrangement  of  the  parts  of  a 
simple  photometer  of  the  Bunsen  type  designed  by  Elmer 
(j.  Willyoung  for  use  in  connection  with  lighting  stations. 
A^  the  standard — in  this  case  an  incandescent  lamj)  of  accu- 
rately known  candlepower — is  at  one  end,  and  />',  the  light  to 
be  measured,  at  the  other;  /)  is  the  bar  on  which  the  carriage 
containing  the  screen  slides.  The  part  /)  is  usually  spoken 
of  as  the  photometer  bar.  E  is  the  carriage  containing 
the  Bunsen  screen.  The  motor  F  is  used  to  spin  the  lamp  B 
while  measurements  are  being  made;  the  reason  for  doing 
this  will  be  explained  later.  G  and  //  are  two  adjustable 
resistances  for  keeping  the  voltage  applied  to  the  lamps  at 
the  proper  value. 

20.  Fig.  14  shows  a  Deshler-McAllister  photometer — 
a  simple  instrument  that  has  been  quite  largely  used  by 
lighting  stations  for  testing  the  light-giving  (lualities  of  the 
lamps  they  are  using.     The  principal  diflference  between  this 
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instrument  and  the  one  previously  described  is  that  an  oil 
lamp  A  is  used  as  a  working  standard  instead  of  an  incan- 
descent lamp.  The  bar  is  also  provided  with  a  scale  reading 
directly  in  candlepower,  though  the  Willyoung  instrument 
could  also  be  provided  with  a  direct-reading  scale  if  desired. 
One  objection  to  using  an  incandescent  lamp  as  a  light 
standard  is  that  its  voltage  must  be  constantly  watched  and 
kept  at  the  proper  amount.  It  is  largely  to  get  around  this 
difficulty  that  the  oil  lamp  A  is  used.  This  is  an  ordinary  oil 
lamp  provided  with  a  double  wick  and  an  adjustable  screen  5, 
by  means  of  which  the  upper  and  lower  ragged  edges  of  the 
flame  are  cut  ©ff.  K,  K  are  standard  incandescent  lamps 
that  have  been  accurately  calibrated  at  the  lamp  factory  and 
of  which  the  candlepower  at  the  voltage  marked  on  them 
is  kAown.  Each  of  these  standard  lamps  in  succession  is 
placed  at  B  and  the  pointer  of  the  carriage  set  at  the  point 
on  the  bar  corresponding  to  the  candlepower  marked  on  the 
lamp.  The  voltage  at  the  lamp  is  then  adjusted  by  means 
of  the  rheostat  G  until  it  corresponds  exactly  with  that 
marked.  When  this  has  been  done,  the  screen  ^'  in  front  of 
the  flame  of  A  is  adjusted  until  the  grease  spot  is  balanced. 
The  lamp  A  is  then  of  the  same  candlepower  as  the  standard 
and  may  be  used  for  the  measurement  of  other  lamps,  since 
after  it  is  once  adjusted  it  is  not  likely  to  change,  though  it 
should  be  checked  up  now  and  then  to  make  sure  that  it 
does  not  do  so.  The  object  in  having  a  number  of  standard 
lamps  K  instead  of  (me  only  is  to  have  a  check  against  any 
errors  that  might  be  caused  by  changes  in  the  lamps. 
Screens  Z,  L  are  provided  to  cut  off  the  light  from  the 
observer's  eyes  and  a  motor  F  is  used  to  rotate  the  lamp. 
These  station  photometers  are  not  expensive,  and  if  prop- 
erly used,  are  of  great  value  in  detecting  poor  lami)s. 

557,  After  a  person  has  become  accustomed  to  the 
photometer,  good  results  can  be  obtained  provided  the 
following  conditions  are  fulfilled: 

1.  The  lights,  both  the  standard  and  the  light  being 
measured,  should  be  steady. 
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photometers  just  described  are  arranged  so  that  the  lamp 
may  be  revolved  at  the  rate  of  about  180  revolutions  per 
minute,  thus  giving  the  average,  or  mean,  horizontal  candle- 
power.  The  horizontal  candlepower  does  not  vary  greatly 
in  different  directions  with  lamps  as  now  constructed.     This 
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,is  shown  by  the  irregular  curve  (Fig.  15).  The  distance  of 
the  points  on  this  curve  from  the  center  represents  the  can- 
dlepower in  the  direction  of  the  radius  from  that  point,  and 
if  the  candlepower  were  the  same  in  all  directions,  this  curve 
would  become  a  circle. 


|5 


29.  Vertical  Distribution. — Fig.  10  shows  the  readings 
for  the  candlepower  obtained  in  a  vertical  plane  with  a 
filament  in  the  position 
shown.  It  will  be  no- 
ticed that,  viewed  from 
position  i,  the  candle- 
power  is  practically  zero, 
because  the  light  is 
almost  completely  cut 
off  by  the  base  of  the 
lamp.  At  points  2  and 
4  it  is  a  maximum,  be- 
cause viewed  from  these 
points    the    maximum  •' 

amount  of  the  filament  is  F'^-  i«. 

seen.  At  point  3  the  candlepower  again  drops  off,  because 
here  the  filament  is  seen  end  on.  The  (uirvt-  of  horizontal 
distribution  gives  an  idea  as  to  how  the  lamp  throws  light 
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in  a  horizontal  plane,  and  the  curve  of  vertical  distribution 
shows  how  the  lamp  behaves  as  to  throwing  the  light  up  or 
down.  In  speaking  of  the  candlepower  of  an  incandescent 
lamp,  the  mean  horizontal  candlepower  is  usually  meant, 
and  this  is  most  readily  obtained  by  spinning  the  lamp  as 
described  above.  In  many  cases,  however,  it  is  customary 
to  measure  the  candlepower  in  one  direction  only,  and  the 
error  in  doing  so  is  not  usually  very  great,  because  filaments 
are    nearly  always   twisted   and   the  candlepower  does  not 
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vary  greatly  when  the  lamp  is  viewed  from  different  direc- 
tions. In  case  the  lamp  is  not  revolved  when  measurements 
are  being  taken,  it  should  be  adjusted  with  the  plane  of  its 
filament  at  such  an  angle  to  the  photometer  bar  as  will  give 
the  mean  (•and]e[)ower.  For  example,  in  Fig.  IT  suppose 
that  A  /)  represents  the  axis  of  the  bar  and  that  we  are 
looking  down  on  the  top  of  the  lamp.  The  line  CD  will 
indicate  the  relative  position  of  the  plane  of  the  filament. 
The  angle  a  at  which  the  filament  should  be  inclined  will 
depend  on  the  style  of  filament  used.  For  plain  loop  fila- 
ments it  should  be  about  (K)'  and  for  spiral  filaments  30°. 

tJO.  Mean  Spherical  Candlepower. — It  has  just  been 
shown  that  the  intensity  of  illumination  given  by  a  lamp  in 
different  horizontal  directions  varies.  Also,  its  value  is 
different  for  the  various  directions  taken  in  any  vertical 
plane  j)assing  through  the  axis  of  the  lamp.  If  we  imagine 
a  lamp  hung  so  that  it  may  be  viewed  from  any  direction,  it 
is  ( lear  that  if  we  viewed  it  from  any  number  of  different 
points  we  would  get  different   values  for  the  candlepower. 
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If  we  took  a  large  number  of  such  readings  at  regular 
intervals  and  averaged  them  up,  we  would  have  what  is 
known  as  the  mean  spherical  caiullepover  of  the  lamp. 
In  other  words,  the  mean  spherical  candlepower  represents 
that  intensity  of  illumination  to  which  the  irregular  illumi- 
nation of  the  lamp  would  be  equivalent  if  it  were  an 
average  candlepower  given  out  uniformly  in  all  directions. 
In  connection  with  commercial  measurements  on  incandes- 
cent lamps,  the  mean  spherical  candlepower  is  not  used  to 
any  great  extent.  It  is  used  more  in  connection  with  arc 
lamps.  One  arc  lamp  may  give  a  widely  different  spherical 
distribution  from  another,  and  in  comparing  such  lamps,  the 
mean  spherical  candlepower  forms  the  fairest  basis  of 
comparison. 

31.  Incandescent  lamps  are  made  in  a  variety  of  sizes, 
the  most  common  candlepowers  being  4,  8,  10,  10,  20,  32,  50, 
and  100.  The  10-candlepower  lamp  is  the  one  most  generally 
used.  Small  lamps  of  ^,  1,  and  2  candlepower  are  also  used 
for  decorative  and  advertising  puropses. 


PROPERTIES  OF  IXCAVDESCEXT  I^AMPS. 

38.  Temperature. — The  temperature  at  which  the  fila- 
ment of  a  lamp  is  worked  may  be  anywhere  from  1,250"  to 
l.'loO"^  C.  The  hotter  the  filament  is  worked  the  greater  is 
its  light-giving  power  per  watt  consumed.  Of  course,  it  is 
desirable  to  operate  a  lamp  so  that  it  will  give  a  large 
am:)unt  of  light  per  watt,  provided  this  can  be  done  without 
injuring  the  lamp.  At  a  temperature  of  about  1,350°,  an 
ordinary  lamp  will  give  about  ^  candlepower  per  watt  con- 
sumed; a  10-candlepower  lamp  would  at  this  rate  take 
4H  watts,  or  3  watts  per  candle.  At  a  temperature  of  1,300", 
the  same  lamp  might  give  about  \  candlepower  per  watt 
and  thus  require  04  watts  for  its  operation.  Although  it  is 
thus  advantageous,  as  far  as  power  consumption  goes,  to 
work  the  lamp  at  a  high  temperature,  it  is  found  that  if  the 
temperature  is  pushed  too  high,  the  life  of  the  lamp  is  greatly 
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shortened.  On  the  other  hand,  if  the  lamp  is  worked  at  a 
very  low  temperature ;  it  gives  a  small  amount  of  light  com- 
pared with  the  power  consumed,  and  although  its  life  may  be 
long,  it  is  not  satisfactory  as  a  light-giving  source. 

33.  ElTleieney. — When  the  efficiency  of  an  incandescent 
lamp  or  arc  lamp  is  spoken  of,  the  power  consumption  per 
candlepowcr  is  meant.  For  example,  if  an  incandescent 
lamp  required  3.5  watts  for  each  mean  horizontal  candle- 
power,  its  efficiency  would  be  3.  r5,  or  it  would  be  spoken  of 
as  a  3.5-watt  lamp.  This  is  not  a  very  satisfactory  method 
of  expressing  efficiency,  because,  according  to  this,  the  larger 
the  power  consumption  per  candlepower,  the  greater  is  the 
efficiency;  while  in  point  of  fact  just  the  reverse  is  the  case. 
A  much  better  way  to  give  the  efficiency  would  be  to  express 
it  as  so  many  candlepower  per  watt,  and  in  some  cases  it  is 
expressed  this  way.  Evidently,  the  greater  the  number  of 
candlepower  per  watt  consumed,  the  greater  is  the  efficiency. 
At  present,  however,  efficiency  is  nearly  always  expressed  as 
so  many  watts  per  candle.  The  power  consumption  per 
candlepower  varies  considerably.  If  the  filament  is  worked 
at  a  high  temperature,  we  may  get  1  candlepower  for  every 
2.75  watts  expended,  or  even  less,  but  such  lamps  are  apt  to 
have  a  shc^rt  life  and,  in  any  event,  require  very  steady 
voltage  regulation.  In  ordinary  work,  lamps  give  about 
.3  candlepower  per  watt,  i.  e.,  they  reciuire  about  3.33  watts 
per  candlepower.  This  is  a  fair  value  for  the  power  con- 
sumption of  an  ordinary  lamp.  A  lamp  may  take  as  low  as 
3  or  3. 1  watts  per  candlepower  when  first  installed,  but  its 
light-giving  properties  fall  off  after  it  has  been  in  operation 
for  a  time  and  the  power  consumption  may  run  up  as  high 
as  3.S  or  even  4  watts  per  candle.  From  3.3  to  3.5  watts  per 
candlepower  is,  therefore,  a  fair  average. 

34.  Connoftions  for  Testing:. — When  testing  lamps,  a 
careful  record  should  be  kept  of  the  length  of  time  they  have 
burned,  also  of  the  voltage  and  current.  With  this  data  at 
hand,  together,  of  course,  with  the  readings  of  candlepower 
as  given  by  the  photometer,  the  eflicicncy  of  the  lamr 
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time  during  the  test  may  be  at  once  determined.  Accurate 
instruments  must  be  used,  and  their  scales  should  be  so 
divided  that  the  ammeter  or  mil-ammeter  may  be  read  to 
Y  Jj^  ampere  and  the  voltmeter  to  ^\j  volt.  A  variable  resist- 
ance should  also  be  inserted  in  series  with  the  lamp  so  that 
the  voltage  across  the  lamp  terminals  may  be  kept  nearly 
constant. 

Fig.  18  shows  the  general  scheme  of  connections.  The 
ammeter  A  is  connected  in  series  with  the  lamp  and  the  volt- 
meter F  across  its  terminals.  Readings  oi  A  are  taken  with 
the  voltmeter  cut  out,  so  that  A  does  not  measure  the  cur- 
rent  through   the  voltmeter   as   well  as  that  through  the 
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lamp.     A  good  ammeter  and  voltmeter  are  to  be  preferred  to 
a  wattmeter  for  this  kind  of  work,  as  the  results  are  more 
likely  to  be  accurate.     Continuous  current  should,  if  possible, 
be  used  for  all  testing,  as  alternating-current  instruments 
are  more  likely  to  lead  to  inaccurate  results.     Current  sup- 
plied from  a  continuous-current  dynamo  running  at  (  onstant 
speed  may  be  used,  but  it  will  be  found  more  satisfactory  to 
use  current  from  a  storage  battery  if  it  can  l)e  oi)taine{l,  as 
the  latter  current  is  perfeetlv  steady.      Rea(lin;.^s  of  candle- 
power,  current,  and  voltage  should  be  taken  as  nearly  simul- 
V  as  possible. 
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* 
3.1.  Ij&mp  Estiniatc-s. — With  an  averaj^e  power  con- 
sumption <ti  :i.3  watts  per  candlcp*»wcr,  a  li5-candle power 
lamp  would  require  l**,  x  3.3  =  .5*2. s  watts.  The  current 
that  the  lamp  will  require  will  defK^nd  <>n  the  voltage  at 
which  it  is  operated.  The  current  in  any  case  can  be 
obtained  by  the  fr»llowinjj:  fv>rmida  <ir  rule: 

in  which    ^/^=  candlep'wer,    /f'=  watts  ]x*r  candlepower, 
and  /'the  voltajj^e  across  the  lamp  terminals. 

Rule — J/;//////r  ///r  itindlcf^ozccr  of  the  lamp  by  the  ivatts 
per  eaudlepoi*.'er  and  divide  by  the  I'oltage  at  whieh  the  lamp 
is  desii^ned  to  operate, 

ExAMi'LE. — A  :i*2-candlci>«)\ver  lamp  requires  iV.l  watts  per  candle- 
ji'twc-r  and  is  desij^ned  to  <»|K-rate  al  a  j>rossiire  i»f  140  volts.  What  will 
Ik-  the  current  taken  ])y  the  lamj^  and  what  will  Ik*  the  resistance  of  the 
lam  J I  when  hot  ? 

S<»LrTioN. — From  the  al>ove  rule,  we  have 

Current  —    ■— ,t;,'-   ~  1*^-  anqx^res.  nearly.     Alls. 

E  E 

I-rom  OhrnV  law  we  have  (   —    -,  or  R   -     .; 

A  (. 

lin 
heme.  Resistance  —    -   -  —  lOi.Sohms.     Ans. 

NoTK. — The  value  of  th.*  resistance  of  an  incandescent  lamp  obtained 
by  dividini^  the  K.  M.  F.  by  the  current  flowinjr  throujrh  it  pjives  the  hot 
r'-si>tan' e.  The  resistance  of  carl>on  decreases  as  the  temperature 
in»pax-s.  Sin<  e  the  temiKTature  is  hij^h  in  an  incandescent  lamp,  the 
*old  resi>tance  ir>  very  much  hijjher  than  the  hot;  it  may  Ix?  almost 
doubl'*  the  hot  resistance.  In  practical  work,  we  are  not,  as  a  rule, 
<  «»n»  erned  directly  with  the  cold  resistance  of  the  lamjis,  and  when  the 
resistance  is  spoken  of.  the  hot  resistance  is  meant.  A  16-candle- 
jxiwer  lio-volt  lamj)  has  a  hot  resistance  in  the  neiji:hl)orhood  of  230  to 
ti-VJ  ohms. 

Small  incandescent  lamps  rctpiire  a  lari^cr  number  of  watts 
per  <\'indlcpo\vcr  than  lari^c  ones.  For  example,  a  4-candlc- 
jMtwrr  lamp  rc(piircs  in  thi'  neii^hborhood  ^^^i  'JO  watts;  a  (»-can- 
dlcpower,  *.**)  watts;  an  S-candlepower,  Wl  watts;  and  a  lO-can- 
dleiM)wer,  37  watts.     In  general,  then,  the  substitution  of  a 
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small  lamp  for  a  larger  or^e  will  result  in  a  saving  in  power, 
but  not  in  direct  proportion.  For  example,  if  an  8-candle- 
power  lamp  were  substituted  for  a  IG-candlepower,  the  power 
consumption  might  be  reduced  from  about  52.8  watts  to 
32  watts  and  the  candlepower  would  be  cut  down  one-half. 

36.  If  we  allow  for  loss  in  the  line,  it  will  probably 
require  at  least  00  watts  at  the  dynamo  terminals  for  every 
10-candlepower  lamp  operated.  Hence,  if  the  output  of  the 
dynamo,  in  kilowatts,  is  known,  the  number  of  IG-candle- 
power  lamps  that  it  is  capable  of  operating  may  be  obtained 
approximately  by  the  following  formula  or  rule : 

XT        f^c'             1                  AT^X  1,000  ... 

No.  of  10-c.  p.  lamps  = ,  (4.) 

in  which  K  IV  is  the  capacity  of  the  dynamo  in  kilowatts. 

Ilule. — Multiply  the  capacity  of  the  dynamo  in  kilowatts 
by  l^(MX)  and  divide  the  result  by  00.  The  (/not lent  will  give 
approximately  the  number  of  10-c.  p.  lamps  that  the  machine 
is  capable  of  operating. 

E.XAMPLE  1. — About  how  many  16-candlepower  lamps  should  a 
12-kilowatt  dynamo  be  capable  of  oi:)erating  ? 

Solution.  — 

Number  of  lamps  = prp —  =  200.     Ans. 

Sometimes  the  output  of  the  dynamo  is  given  in  volts  and  amperes 
instead  of  in  kilowatts.  In  such  cases,  the  output  in  watts  is  easily 
obtaine<l  by  multiplying  the  volts  by  the  amix;res,  and  the  number  of 
lfVK:andlepower  lamps  that  the  dynamo  can  ojKirate  may  then  be 
obtained  by  dividing  by  CO  as  before. 

Example  2. — A  dynamo  is  capable  of  delivering;  an  output  of 
70  am{)eres  at  a  pressure  of  115  volts.  About  how  many  lO-candle- 
I)owcr  lamps  can  it  run  ? 

Solution.— The  output  in  watts  will  be  115  x  70  -—  H,050.  and  since 
each  lamp  requires  alx>ut  60  watts,  the  capacity  of  the  machine  will  be 
!»JJ«  =  134.     Ans. 

Note. — When  the  cafKicity  of  a  dynamo  is  ^iven  as  so  many  lamps. 
16-candlepower  lamps  are  always  meant.  If  iW-candlcpowcr  lamps  arc 
operated,  each  82-candleiK^wer  lamp  should  be  counted  as  the  equiva- 
lent of  2  of  16-caQdlepower. 
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upper  curve  being  fur  a  mnclern  lamp  and  the  lower  for  an 
old-style  lamp.  Both  lamps  start  out  with  the  same  candle- 
ix>wer,  and  the  lines  show  the  percentage  of  the  initial  can- 
dlepower  after  the  lamps  have  been  burning  for  different 
intervals  of  time.  There  is  a  steady  decline  in  the  voltage 
,   of  the  old  lamp  from  the  time  it  starts  burning,  and  at  the 


end  of  ,5(10  hours  it  is  only  giving  T<)  jier  cent,  of  the  light  it 
gave  at  the  start.  The  candlepower  of  the  othtT  lamp,  on 
the  contrary,  increases  slightly  during  the  first  'iii  hi>iirs,  anil 
at  the  end  of  75  hours  has  gotten  back  to  its  <jriginal  candle- 
power.  It  then  fails  olf  in  candlepower,  hut  at  the  end  of 
Add  himrs  is  still  giving  about  77  per  cent,  of  the  original 
amount. 

■H.  VolUittff*. — Tile  vnkage  of  an  incandescent  lamp  is 
the  pressure  that  niiisl  be  maintained  between  its  terminals 
in  order  thai  llic  rcsnlling  current  shall  cause  the  lamp  to 
give  its   rated  randlepovver.      By  far  »>' 
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explained  in  Art.  35.  When  making  wiring  estimates,  or, 
in  any  case,  when  the  approximate  current  only  is  needed, 
the  following  values  of  the  current  required  per  lamp  may 
be  used : 

TABLE    I. 


Candlepower. 

Voltage. 

Current. 
Amperes. 

10 

.     110 

.30 

16 

110 

.50 

32 

110 

1.00 

10 

52 

.75 

16 

52 

1.00 

32 

52 

2.00 

43.  Ileatlnijr. — A  iri-candlepi>wer,  04- watt  incandescent 
lamp  gives  off  about  220  British  thermal  units  of  heat  per 
hour. 

A  British  thermal  unit  is  equivalent  to  the  amount  of 
heat  that  is  required  to  raise  I  p<.)und  of  water  from  02°  F. 
to  03"  F. 

Incandescent  lamps  give  off  between  10  and  20  per  cent, 
less  heat  than  gas  jets  of  the  same  candle jx>wer. 

44.  Illiiiuiiiatioii    by    IncancU^si^oiit    I^iinps. — In   all 

methtnls  o(  wiring,  it  is  necessary  to  s<^  l<K\ite  the  light  that 
the  best  illumination  may  bo  obtained.  In  factory  lighting, 
the  lights  are  st^  placed  that  they  will  be  as  near  as  possible 
to  the  workmen,  whether  at  the  machine  or  vise. 

F«»r  the  interior  of  sti>res,  general  illumination  is  required. 
Show  windows  should  be  lighted  by  retlected  light  only, 
because  exjx>sed  light  striking  the  eye  will  cause  the  effect 
oi  the  general  arrangement  to  l>e  lost  to  the  obser\'er.  In 
picture  galleries,  this  same  idea  should  be  carrieil  out.  House 
illumination  is  nuTe  for  effect  than  general  illuminatton. 

In  theater    lighting,    where  the   scenic    effects   deptod 
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entirely  on  a  careful  adjustment  of  light  intensities,  experi- 
ence is  the  only  guide. 

Among  other  points  to  be  observed  in  placing  lights  is  the 
color  of  the  surrounding  walls.  Dull  walls  will  reflect  only 
about  20  per  cent,  of  the  light  thrown  on  them,  while  a 
clean,  white  surface  will  reflect  80  per  cent.  The  height  of 
the  room  also  reduces  the  effectiveness  of  a  given  light 
intensity. 

One  candle-foot  is  considered  a  good  light  to  read  by, 
which  is  the  illumination  given  by  a  standard  candle  at  the 
distance  of  1  foot. 

The  illuminating  value  of  different  lights  is  as  follows: 

TABIiE  II. 


Light. 

Candle-Feet. 

Ordinary  moonlight 

Street  lighted  by  gas 

Stacre  of  theater 

.025 

.030 

2.9  to    3.8 

Diffused  davlicfht 

10.0  to  40.0 

A  clear  idea  of  these  various  intensities  is  easily  gained 
by  comparison,  remembering  that  1  candle-foot  furnishes  a 
good  light  to  read  by,  as  stated  above. 


THE  NERNST  LAMP. 

45,  Many  attempts  have  been  made  to  improve  the  effi- 
ciency of  incandescent  lamps.  The  efficiency  of  any  light- 
giving  source  depends  on  the  temperature  of  the  substance 
that  emits  the  light.  If  the  temperature  is  increased,  the 
amount  of  energy  given  off  in  the  shape  of  light  becomes 
greater  in  proportion  to  the  amount  given  off  as  heat,  and 
the  efficiency  of  the  lamp  as  a  light-giving  source  is  improved. 
For  example,  an  incandescent  lamp  worked  above  its  normal 
voltage  gives  more  candlepower  per  watt  consumed  than  if 
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worked  at  a  low  voltage;  but  the  high  temperature  soon 
burns  out  the  filament.  Many  attempts  have  been  made  to 
produce  filaments  that  could  be  operated  at  a  higher  tem- 
perature than  carbon  and  thus  make  more  efficient  lamps. 
One  of  these  is  the  Xernst  lamp.  This  lamp  has  not  as  yet 
come  into  extended  commercial  use,  so  that  we  will  confine 
ourselves  to  a  brief  description  of  its  principle  of  action. 
There  are  some  substances  that,  while  they  are  good  insula- 
tors when  they  are  cold,  become  fairly  good  conductors 
when  heated  to  a  sufficiently  high  degree.  Glass,  for 
example,  when  heated  to  a  red  heat  will  conduct  electricity. 
Oxide  of  magnesium  (magnesia),  thoria,  and  a  number  of 
other  oxides  will  also  conduct  electricity  when  they  are 
heated. 

The  **  glower,"  or  light-giving  portion  of  the  Nemst  lamp, 
is  a  small  stick  made  of  oxide  of  magnesia,  thoria,  or  similar 
substance.  When  this  stick  is  heated  it  conducts  current, 
and  this  brings  the  oxide  up  to  a  very  high  temperature, 
thus  making  it  give  light.  The  temperature  attained  by 
the  oxide  stick  is  very  much  higher  than  that  of  the  incan- 
descent-lamp filament,  and  the  lamp  is  therefore  far  more 
efficient.  It  is  necessary,  however,  to  have  a  small  amount 
of  resistance  in  series  with  the  glower,  in  order  to  make  the 
action  of  the  lamp  stable,  and  this  tends  to  lower  the  eflS- 
ciency  to  some  extent.  The  glower  is  protected  by  a  small 
glass  globe,  but  the  air  is  not  exhausted.  The  substance 
giving  the  light  is  already  an  oxide,  so  that  it  cannot  be 
further  oxidized  by  being  in  contact  with  the  air,  and  there 
is  no  need  of  placing  it  in  a  vacuum.  One  disadvantage  of 
the  lamp  is  that  the  glower  must  be  heated  before  the  lamp 
will  start.  Various  devices  for  accomplishing  this  initial 
heating  electrically  have  been  brought  out.  In  the  West- 
inghouse  type  of  Nernst  lamp,  the  glower  is  heated  by  being 
placed  directly  under  a  coil  of  platinum  wire  wound  on  a 
small  cylinder  of  refractory  material.  When  the  current  is 
turned  on,  it  heats  this  coil  and  thus  raises  the  temperature 
of  the  glower  until  it  is  able  to  conduct  current.  After  the 
glower  has  started,  the  heating  coil  is  cut  out  automatically. 
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their  filaments  must  all  be  of  the  same  current-carrying 
capacity.  If  it  is  desired  to  have  some  lamps  of  higher 
candlepower  than  the  others,  their  filaments  must  be  made 
longer.  The  pressure  across  the  terminals  of  any  lamp  may 
be  found  by  multiplying  the  resistance  of  the  lamp  by  the 
current  flowing.  Also,  since  the  lamps  are  connected  in 
series,  the  total  pressure  required  to  force  the  current 
through  the  circuit  will  be  the  sum  of  the  pressures  required 
for  the  separate  lamps.  For  example,  suppose  we  had 
10  lamps,  each  requiring  a  pressure  of  20  volts  and  a  cur- 
rent of  *d)^  amperes;  also,  5  lamps  each  requiring  a  current  of 


Fig.  21. 

3^  amperes  and  a  pressure  of  40  volts.  The  total  pressure 
required  for  the  circuit,  neglecting  the  loss  in  the  line,  would 
then  be  20  X  10+  5  X  40  =  400  volts.  In  this  system,  the 
line  current  is  small ;  hence,  it  is  well  adapted  for  incandes- 
cent street  lighting,  where  the  area  to  be  covered  is  large. 
It  should  be  noted  that  in  a  system  of  this  kind  the  current 
must  be  maintained  at  the  value  for  which  the  lamps  are 
designed.  This  means  that  the  pressure  between  the  ends 
of  the  line  must  be  raised  as  more  lamps  are  added  to  the 
circuit,  because  the  resistance  is  increased.  Also,  the  pres- 
sure must  be  lowered  when  lamps  are  cut  out,  otherwise  the 
current  would  increase  and  burn  out  the  remaining  lamps. 
In  the  series  system,  the  current  is  constant  and  the  pres- 
sure varied  so  as  to  keep  it  constant;  in  the  parallel  system, 
the  pressure  is  kept  constant  and  the  current  varies  as  the 
number  of  lamps  in  use  is  increased  or  decreased.  Another 
point  to  be  noted  in  connection  with  the  series  system  is 
that  some  means  must  be  provided  for  maintaining  the 
circuit  around  the  lamps,    in  case  they  should  burn  out; 
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otherwise,  the  breaking  of  any  one  lamp  would  put  out  all 
the  lights  on  the  circuit.  The  method  by  which  this  is 
accomplished  will  be  described  when  this  system  is  taken  up 
in  detail.  The  student  will  also  note  that  if  the  number  of 
lamps  operated  is  at  all  large,  the  pressure  applied  to  the 
circuit  may  be  very  high.  This  introduces  an  element  of 
danger  and  is  the  principal  reason  why  series  lighting  is 
not  used  for  interior  work.  Lamps  in  series  may  be  cut  out 
of  circuit  by  short-circuiting  them  as  indicated  by  switch  5, 
Fig.  21 ;  whereas,  in  the  parallel  system  they  must,  of  course, 
be  cut  out  by  opening  the  circuit  through  the  lamp  by 
means  of  a  switch  in  series  with  it.  This  switch  may  be  a 
separate  device,  as  at  a^  Fig.  20,  or  it  may  be  in  the  lamp 
socket  and  worked  by  a  key,  as  at  b. 


PlO.  28. 


Fig.  23. 


48.     Liamps  In  Multiple  Series. — This  method,   some- 
times called  parallel  series,  is  a  combination  of  the  two 
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preceding  and  is  used  in  a  number  of  special  cases.  Per- 
haps its  widest  use  is  in  connection  with  the  lighting  of 
electric  street  cars;  it  is  also  used  in  mine-lighting  work, 
where  lights  are  operated  from  the  haulage  system.  This 
multiple-series  scheme  of  connection  is  shown  in  Fig.  22. 
Suppose,  for  example,  that  we  have  a  pair  of  mains  between 
which  a  constant  pressure  of  500  volts  is  maintained,  as  on  a 
street  railway,  and  that  we  wish  to  operate  incandescent 
lamps   on   such   a   circuit.      We   cannot   obtain   lamps   for 

500  volts  and  a  single  100-volt  lamp 
would  be  burned  out  instantly  if  it  were 
connected  across  the  mains.  If  we  wish 
to  use  100-volt  lamps,  we  may  connect 
five  of  them  in  series,  as  shown.  With 
such  an  arrangement,  the  current  through 
the  series  of  five  lamps  would  be  about 
^  ampere  and  the  pressure  across  each 
lamp  100  volts.  We  may  connect  any 
number  of  such  series  of  five  lamps  across 
the  mains,  and  if  one  light  goes  out,  it 
puts  out  the  other  four  in  the  same  cir- 
cuit with  it.  Also,  if  any  lamp  were  cut 
out,  by  short-circuiting  it,  the  voltage 
on  the  other  four  lamps  would  become 
higher  than  they  could  stand,  because 
the  pressure  between  the  mains  is  con- 
stant, and  cutting  out  the  drop  through 
one  lamp  simply  throws  that  much  more 
pressure  on  the  others.  As  stated  above, 
this  method  of  connecting  lamps  is  used  principally  in 
phiccs  where  it  is  desired  to  operate  lamps  on  power  cir- 
cuits, the  voltage  of  which  is  usually  higher  than  that  of 
the  lamp.  Fig.  23  shows  a  multiple-series  arrangement  with 
two  lamps  in  series,  a  scheme  of  connection  sometimes 
used  for  operating  lamps  on  220- volt  power  circuit,  for 
example,  in  mine-haulage  plants.  Hy  adding  the  middle, 
or  neutral,  wire  to  Fig.  23,  we  get  the  three-wire  system, 
Fig.  24,  so  extensively  used  for  distribution  in  large  cities. 
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be  to  provide  the  lamps  with  a  uniform  pressure  and  to 
see  that  this  pressure  is  kept  uniform,  no  matter  how  the 
number  of  lamps  operated  may  vary.  The  distribution 
should  also  be  designed  so  as  to  accomplish  the  object 
aimed  at  with  the  least  possible  expense,  i.  e.,  the  distribu- 
ting lines  should  be  laid  out  so  as  to  secure  the  desired 
results  with  the  smallest  possible  amount  of  copper  and  loss 
of  energy. 


DIRECT-CURUKNT  C:<>NSTANT-POTENTIAI^  SYSTEM. 

50.  Simple  T>vo-Wlre  System. — This  method  of  dis- 
tribution is  very  largely  used  for  small,  isolated  plants,  or 
any  installation  where  the  power  is  transmitted  a  short  dis- 
tance only.  The  lamps  are  usually  operated  at  110  volts 
and  the  current  is  supplied  by  compound-wound  dynamos. 
Fig.  25  shows  a  single  dynamo  G  operating  lamps  on  the 
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Fig.  25. 


simple  two- wire  system.  In  this  case,  two  main  wires  A^  A 
run  from  the  dynamo,  the  various  switches  and  measuring 
instruments  being  here  omitted  for  the  sake  of  clearness, 
and  the  lamps  are  either  connected  directly  across  this 
pair  of  mains  or  are  connected  across  braiK  h  mains,  as 
shown  at  7),  B  and  L\  C.     The  lamps  are,  therefore,  simply 
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connected  in  parallel,  as  explained  in  Art.  46.  This  arrange- 
ment answers  very  well  for  small  plants,  where  only  a  small 
number  of  lamps  are  operated  and  where  they  are  not 
scattered  very  widely. 

51,  Feeders  and  Mains. — If  the  lamps  are  scattered 
i>ver  a  considerable  area,  it  is  best  to  run  out  feeders,  as 
shown  at  A  and  B,  Fig.  26,  to  what  is  known  as  centers  of 
dLstrlbutlon,  as  at  C  and  Z>,  and  then  at  these  points 
attach  mains  E,  F  to  the  feeders.  These  centers  of  dis- 
tribution should  be  selected  so  as  to  lie  near  the  points 
where  the  bulk  of  the  light  is  used.  It  will  be  noticed  that 
no  lights  whatever  are  attached  to  the  feeders ;  they  simply 
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Fig.  26. 


convey  current  from  the  station  to  the  center  of  distribu- 
tion, which  becomes,  as  it  were,  a  kind  of  substation.  Hy 
this  method,  a  considerable  drop  can  be  allowed  in  the 
feeders  without  causing  any  trouble  at  the  lights.  For 
example,  suppose  110-volt  lamps  were  to  be  operated  and  a 
drop  of  15  volts  was  allowable  between  the  dynamo  and  the 
last  lamp  on  the  line.  AVe  may,  for  example,  iigure  the 
cross-section  of  the  feeders  so  that  a  drop  of  \',\  volts  will 
occur  in  them.     This  large   drop  will  allow  comparatively 
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small  feeders  to  \}f:  u.sed  and  will  n'-»t  be  injurious  to  the 
lamf^,  l>ec:ause  the  pressure  at  the  p«»int  C  will  be  main> 
tained  at  Mi  volts,  and  the  variati'im  in  pressure  along  the 
mains  would  V>e  but  'i  volts,  or  the  balance  of  the  total 
drop  of  15  volts  allowed.  It  is  evident  that  when  no  cur- 
rent is  flowinj(,  there  can  be  no  drop  in  the  line,  because  the 
drop  is  the  pr^xluct  of  the  current  and  the  line  resistance. 
A'4  the  current  increases,  the  drop  increases.  s«>  that  in  the 
alK>ve  case  the  dynam<^>s  would  have  t<»  be  adjusted  to  g^ve 
a  pressure  of  110  volts  at  no  load  and  I'l^  v«»lts  at  full  load; 
in  other  words,  the  dynamo  would  be  overcom pounded  so  as 
to  j(ivc  a  rise  in  voltage  of  15  volts. 

/53#  The  arrangement  just  described  is  known  as  the 
f<*<H]<T-anil-nialn  syKtem,  and  the  advantages  of  such  a 
system  may  l>e  summed  up  briefly  as  follows: 

1.  It  allows  the  use  of  a  large  drop  in  the  feeders  carry- 
ing the  current  to  the  point  where  it  is  distributed,  thus  per- 
mitting the  use  of  comparatively  small  conductors  and 
thereby  cutting  down  the  expense. 

2.  It  allows  this  large  drop  without  introducing  large 
variations  in  the  voltage  obtained  at  the  lamps. 

'\.  It  allows  the  district  lighted  to  be  divided  into  sec- 
tions, each  supplied  by  its  own  feeder,  and  thus  admits  of 
each  section  being  controlled  independently  from  the  station. 

lilt»  Til !•<'<»- Wlro  Systoiii. — The  simple  two-wire  sys- 
tem, even  if  operated  on  the  feeder-and-main  plan,  requires 
altogetJKM*  loo  much  copper  to  admit  of  very  extended 
us<*.  l^'or  moderate  distances,  the  three- wire  system  is  used. 
I'ig.  '17  shows  this  system  using  feeders  and  mains  as  applied 
to  lighting  work.  A  large  amount  of  lighting  is  carried  out 
on  this  plan  in  New  York,  Philadelphia,  and  other  large 
cities.  It  is  not  confined  to  direct  current  alone,  but  is  also 
largely  used  in  coniun'lion  with  alternating  current.  We 
have  here  the  two  dynamos  ./  and  />  connected  in  series  and 
stipplying  current  through  the  feeders  /,  ,?,  J,  etc.  to  the 
dillcrent   centers  of  distribution  where  the  mains  ^/,  ^^  ^  are 
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attached.  The  use  of  this  arrangement  effects  a  consider- 
able saving  in  copper  over  the  two-wire  system ;  the  pressure 
commoDty  used  is  110  volts  on  each  side  of  the  circuit,  or 


230  volts  between  the  outside  wires.  In  some  recent  plants, 
220-volt  tamps  are  used,  thus  giving  440  volts  between  the 
outside  wires. 

64.  Special  Throe-Wire  Systenw*.— The  ordinary  three- 
wire  system  has  the  disadvantage  of  requiring  two  dynamos. 
If  the  load  were  absolutely  balanced,  one  'i'iU-vi>h  dyniimo 
would  alone  be  sufficient,  but  in  most  cases  an  accurate 
balance  cannot  be  obtained.  A  numlier  of  dilTercnt  systems 
have  been  devised  whereby  a  large  220-vnlt  dynamo  citn  be 
operated  on  the  two  outside  wires  and  the  unequal  distribu- 
tion of  the  load  taken  up  by  a  balancing  arrangement  of 
small  capacity  compared  with  that  of  the  dynamo. 


^ 
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S5.     Fig.  38  shows  one  of  these  systems  where  the  unbal- 
aocing  in  the  load  is  taken  care  of  by  means  of  the  storage 
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tatt/rry  '.'ynne'.ted  as  shown.  The  middle  point  of  this 
J/atV:rv  is  './mne<.-ted  to  the  line.  The  ■i'20-vok  dvnamo  is 
M>rjn<:/i/:d  to  the  outside  wires,  and  if  a  larger  current  is 
n^j'A*:«\  on  one  side  of  the  batterv  than  on  the  other,  the 
extra  current  is  supph'ed  from  the  battery.  It  is  not,  how- 
ever, ;^enerally  advisable  to  use  a  battery  in  this  way  for 
maintaining  the  balance  continuously  as  the  cells  become 
unevenly  discharjjed.  When  batteries  are  used  on  three- 
wire  svstems,  thev  are  usuallv  connected  across  the  outside 
lines  and  a  switch  provided  to  connect  their  middle  point  with 
the  neutral,  s^j  that  they  can  be  used  for  balancing  in  case 
of  necessitv. 

iMJ.  Fig.  Va  shows  a  three-wire  system  fed  by  a  220-volt 
dynamo  //  in  conjunction  with  a  motor-dynamo  aa\  This 
motor-dynamo  is  s^^metimes  called  a  balancing:  set  or  bal- 
anccT.  The  armatures  a^  a'  are  mounted  on  the  same  shaft 
and  connected  in  series,  the  mid-point  //  being  connected  to 
th<:  neutral  wire.  The  fields  of  these  two  machines  are  con- 
ne<:t<rd  across  the  mains,  as  shown  Vitff'.  When  one  side 
i)i  the  system  is  more  heavily  loaded   than  the  other,  the 


:•< 


[F- 


d 


sss 


4i 


3- 


Fk;.  'JfX 


niachiiir  on  th<!  heavily  loaded  side  runs  as  a  dynamo  and 

helps  lo  supply  current  to  that  side,  while  the  machine  on 

the  lij^hlly  loadiul  side  absorbs  power  and  runs  as  a  motor, 

thus  ('(pializing  the  load.     Take,  for  example,  the  special  case 

shown  in  1^'ig.  2i),  where  we  have   1*^  lamps  on  one  side  and 

0  on  llic  other.      We  will  have   IS  lamps  to  be  supplied  with 

power   from   the  '^'iO-volt  machine   -i.      Allowing  55   watts 

55  ^  IS 
|)er    lamp,   this    gives    55  x   IS    watts    and,    hcn(H\   -  -     

—  ^   amperes.     The  current   flowing  out  on  7''  and   back 
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short  feeders.  It  is  necessary,  then,  to  have  some  means  of 
supplying  the  long-distance  feeders  with  a  higher  pressure 
than  those  supplying  the  nearby  districts.  Of  course,  the 
voltage  on  the  short  feeders  might  be  cut  down  by  inserting 
resistance  in  series  with  them,  and  this,  in  fact,  has  been 
done  in  some  cases.  Such  a  method  is,  however,  wasteful 
of  power  and  is  not  to  be  recommended. 

59.  A  common  method  is  to  use  separate  dynamos  for 
supplying  the  long-distance  feeders,  and  simply  run  these 
dynamos  at  a  higher  voltage  than  those  supplying  the  short 
feeders.     This  is  an  excellent  method  where  the  separate 


dynamos  are  available,  but  frequently  this  is  not  the  case. 
When  only  one  dynamo  or  set  of  dynamos  is  at  hand  for 
operating  the  whole  system,  the  best  plan  is  to  run  the 
machines  at  the  lower  pressure  suitabk'  for  the  short  feeders, 
and  use  a  "booster"  to  raise  the  voltage  on   the   other 


50  ELECTRIC   LIGHTING.  §  16 

440  to  500  volts  between  the  outside  wires  and  permits  a 
still  larger  area  to  be  covered  than  by  the  three-wire  system. 
Seven-wire  systems  using  six  dynamos  in  series  have  also 
been  used,  and  the  five-wire  system  especially  has  been  suc- 
cessfully applied  on  the  Continent  of  Europe.  Five-wire 
and  seven-wire  systems  have  been  very  little  used  in  America, 
the  practice  being  to  use  alternating-current  methods  of 
distribution  if  pressures  higher  than  those  given  by  the 
11 0-220- volt  or  220-440- volt  three- wire  systems  are  required. 
The  use  of  three-wire  systems  with  220-volt  lamps  and 
440  volts  across  the  outside  wires  is  gradually  extending, 
because  the  higher  pressure  allows  larger  areas  to  be  sup- 
plied and  effects  a  saving  in  copper  over  the  110-220-volt 
system. 


DIRECT-CURRENT,  CONSTANT-CURRENT  SYSTEM. 

61,  This  system  is  very  seldom  used  for  incandescent- 
lighting  work.  It  was  in  use  to  some  extent  in  the  early 
days  of  electric  lighting,  when  a  few  incandescent  lights  were 
operated  in  series  with  direct-current  arc  lamps.  In  such 
systems,  the  current  used  was  a  direct  one,  furnished  usually 
by  a  machine  of  the  T.  H.,  or  Brush,  type,  and  this  current 
was  maintained  at  a  constant  value  by  the  variation  in 
E.  M.  F.  brought  about  by  the  automatic  regulator.  There 
were  many  objections  to  operating  incandescent  lamps  in 
this  way ;  each  lamp  had  to  be  provided  with  a  cut-out  of 
some  kind  to  prevent  the  circuit  being  broken  in  case  a 
lamp  burned  out ;  such  circuits  also  required  a  high  pressure 
for  their  operation,  and  this  rendered  the  use  of  incandes- 
cent lamps  so  operated  dangerous  for  interior  illumination. 


ALTERNATING-CURRENT,   CONSTANT-POTENTIAL  SYSTEM. 

62.  Alternating  current  at  constant  potential  is  very 
extensively  used  for  incandescent  lighting,  because  this 
method  allows  lights  to  be  operated  over  large  areas  with  a 
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comparatively  small  loss  and  a  small  expenditure  for  copper. 
The  distribution  may  be  carried  out  either  by  means  of 
the  single-phase,  two-phase,  or  three-phase  system.  If  the 
current  were  intended  for  operating  lights  only,  the  single- 
phase  scheme  would  be  used,  as  it  is  simpler  than  either 
the  two-phase  or  three-phase  arrangements.  Most  modern 
lighting  plants,  however,  are  equipped  so  that  they  can 
operate  motors  as  well  as  lights,  and,  hence,  it  is  now  cus- 
tomary to  insj^allmultipha^se^  systems  rather  than  single- 
phase.  ^ 

63.  8Iii«:le-Phase  H^Tstcm. — When  alternating  current 
first  came  into  use  for  electric  lighting,  a  simple  alternator 
was  used  to  supply  current  at  a  constant  pressure.  This 
current  w^as  transmitted  over  the  line,  and  at  the  various 
pr»ints  where  it  was  utilized,  transformers  were  installed  to 
step  down  the  voltage  to  an  amount  suitable  for  the  lamps. 
H^ach  customer  usually  had  his  own  transformer.  If  the 
system  was  small,  only  a  single  pair  of  lines  or  feeders  was 
run  from  the  station;  in  case  the  area  lighted  was  large, 
a  number  of  feeders  supplying  different  sections  were  used, 
as  previously  described  for  the  direct-current  system.  The 
pressures  first  used  were  1,000  volts  on  the  i)rimary  mains 
and  50  or  52  volts  on  the  secondary.  As  the  construction 
of  alternators,  transformers,  and  lamps  was  brought  to  a 
higher  stage  of  perfection,  the  pressures  were  increased  to 
•i, 000  volts  primary  and  100  to  110  volts  secondary.  The 
frecjuency  used  in  the  early  plants  was  usually  from  1*25  to 
i:W  cycles  per  second;  in  later  plants,  00  cycles  has  become 
common  practice. 

fi4.  The  great  advantage  of  this  system  over  the  direct 
current  lies,  of  course,  in  the  use  of  the  high  pressure  for 
transmitting  the  current.  The  introduction  of  alternating 
current  rendered  possible  the  lighting  of  many  places  that 
could  not  afford  the  expense  of  installation  that  would  be 
necessary  if  direct  current  were  used.  It  also  rendered 
availal)le  water-powerjj  located  at  some  distance  from  the 
center  to  be  lighted. 
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65,  It  was  formerly  customary,  in  connection  with  sys- 
tems of  this  kind,  to  install  small  transformers  for  each 
customer,  as  shown  Sit  Ay  B,  C,  Fig.  31,  and  if  a  large 
amount  of  current  were  required  at  any  point,  a  number  of 
transformers  were  connected  in  parallel,  as  shown  at  K. 
This  was  necessary  because  transformers  were  not  then 
made  in  large  sizes.  On  account  of  the  objections,  as 
before  stated,  to  running  a  number  of  small  transformers  in 
parallel,  it  has  become  the  practice  to  make  use  of  a  system 
of  secondary  mains  supplying  a  number  of  customers  and 


Fig.  81. 


to  feed  these  secondary  mains  from  a  few  large  trans- 
formers, as  shown  in  Fig.  32.  In  this  case,  we  have  the 
primary  mains  W,  />  running  from  the  station  and  feeding 
the  large  transformers  7",  7",  as  shown.  The  distributing 
secondary  mains  are  usually  arranged  on  the  three-wire  sys- 
tem, as  indicated  at  C,  thus  allowing  a  considerable  area  to 
be  su[)plied  from  one  pair  of  transformers.  The  current 
may,  however,  be  distributed  by  secondary  two-wire  mains 
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if  the  lights  are  close  at  hand.  Scattered  customers  must, 
of  course,  be  supplied  by  individual  transformers,  as  in 
Fig.  31. 

The  small  transformers  are  usually  mounted  on  the  pole 
outside  the  building  to  be  lighted.  Large  transformers  are 
mounted  indoors  or  in  substations.  The  use  of  secondary 
mains  greatly  reduces  the  number  of  transformers  to  be 
kept  in  repair  and  otherwise  looked  after;  it  also  effects  a 
considerable  saving  in  power,  owing  to  the  higher  efficiency 
of  the  large  transformers.     Where  branch  lines,  as  shown 
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Fig.  88. 


at  E^  Fig-  31,  are  taken  off  the  main  feeders,  main-line  cut- 
out boxes  y,  f*  should  be  installed  as  indicated.  The  second- 
ary-main arrangement  can  generally  be  used  to  advantage 
for  furnishing  light  to  the  business  part  of  a  town,  while  in 
the  residence  part  it  is  frequently  necessary  to  use  individual 
transformers  on  account  of  the  customers  being  scattered. 
The  above  remarks  in  reference  to  secondary  mains  apply 
also  to  lighting  systems  using  two-phase  or  three-phase 
distribution. 
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66,  Two-Phase  System. — This  system  of  distribution 
for  incandescent-lighting  work  has  come  largely  into  use, 
not  because  it  is  any  better  than  the  single-phase  system,  so 
far  as  the  lighting  is  concerned,  if,  in  fact,  it  is  as  good,  but 
because  it  enables  both  lights  and  motors  to  be  operated 
from  the  same  dynamo.  The  general  scheme  of  distribu- 
tion is  the  same  as  that  just  described  for  the  single-phase 
system.  In  a  two-phase  system  of  this  kind,  an  effort 
should  always  be  made  to  have  the  load  balanced  on  the  two 
phases,  otherwise  an  uneven  distribution  of  voltage  is  apt  to 
result.  Motors  may  be  operated  from  the  same  lines  as  the 
lamps,  but  it  is  better  practice  to  have  separate  feeders  to 
supply  the  motors. 

67.  Three-Phase  System.  —  This  system  was  intro- 
duced for  the  same  reason  as  the  two-phase  system,  i.  e.,  to 
permit  the  operation  of  motors.  The  ordinary  three-phase 
system  requires  only  three  wires.  In  a  few  cases,  however, 
where  the  load  is  liable  to  be  unbalanced,  a  common  return 
wire  is  used  The  transformers  may  be  connected  accord- 
ing to  any  of  the  methods  already  described.  Where  three 
wires  are  run  from  the  secondaries,  the  voltage  between  any 
pair  of  wires  is  the  same,  so  that  the  lamps  will  burn  with 
the  same  brilliancy  across  the  outside  wires  as  across  either 
of  the  others;  in  this  respect,  therefore,  it  is  different  from 
an  ordinary  Edison  three-wire  system.  Also,  the  voltage 
between  any  j)air  of  the  primary  wires  is  the  same,  whereas 
in  the  three-wire,  two-phase  system,  the  pressure  between 
the  two  outside  wires  is  about  1.414  times  as  great  as  the 
pressure  between  the  middle  and  either  outside  wire. 

OS,  Mixed  Systems.  —  Before  leaving  the  subject  of 
constant-potential  alternating-current  systems,  it  will  be 
well  to  consider  the  combined  use  of  alternating  and  direct 
current  as  applied  to  the  distribution  of  light  and  power. 
In  many  large  cities,  extensive  installations  on  the  Edison 
three-wire  system  have  been  made  in  the  past  for  the  opera- 
tion of  both  lights  and  direct-current  motors.     These  were 
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to  the  alternating-current  side  of  a  rotary  varies,  the  direct- 
current  voltage  will  also  vary  because  there  is  a  fixed  ratio 
of  transformation  between  the  two  voltages.  Consequently, 
all  the  bad  effects  of  drop  in  the  alternating-current  trans- 
mission line  are  felt  on  the  direct-current  side,  and  therefore 
cause  fluctuations  in  the  lamps.  If,  however,  synchronous 
motors  are  used  to  drive  separate  direct-current  machines, 
the  speed  of  the  motor  will  be  constant  so  long  as  the  speed 
of  the  distant  dynamo  is  constant,  no  matter  what  may  be 
the  fluctuations  in  the  voltage  delivered,  because  the  motor 
is  bound  to  run  in  synchronism.  Since  the  voltage  of  the 
direct-coupled  dynamos  is  constant  so  long  as  the  speed  and 
field  excitation  remain  the  same,  it  is  easy  to  see  that  the 
use  of  the  motor-generator  set  will  give  the  better  voltage 
regulation. 

69.  It  will  be  seen  from  the  preceding  that  the  use  of 
constant-potential  alternating  current  of  the  two-phase  or 
three-phase  variety  allows  a  great  flexibility  in  the  kind  of 
apparatus  operated  from  one  station.  If  it  is  necessary  to 
have  direct  current  for  any  purpose,  the  transformation  is 
easily  effected.  In  general,  where  rotary  transformers  or 
alternating-current  motors  are  used,  it  is  desirable  to  have  a 
low  frequency,  say,  about  25  or  40.  On  the  other  hand,  the 
frequency  should  not  be  below  40  cycles  per  second  if  the 
current  is  to  be  used  for  lighting.  A  high  frequency  calls 
for  less  expensive  transformers,  and  between  all  these 
reciuircments,  which  are  more  or  less  conflicting,  a  frequency 
of  fiO  has  been  very  generally  adopted  for  systems  where 
the  current  is  used  both  for  light  and  power.  Where  power 
alone  is  supplied  or  where  the  current  is  used  for  operating 
rotary  transformers,  the  frequency  may  be  as  low  as  25,  as 
in  the  case  of  the  Niagara  transmission  plant. 

70.  Use  of  Frequency  Clianprers. — In  the  last  article, 
mention  was  made  of  the  fact  that  where  rotary  convert- 
ers are  extensively  used  it  is  customary  to  use  a  low- 
frequency  current  at  25  or  40  cycles.     It  sometimes  happens 
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that  in  connection  with  such  installations  a  comparatively 
small  amount  of  alternating  current  at  a  higher  frequency 
is  required,  as  the  frequency  of  25  cycles  would  be  too  low  to 
operate  arc  or  incandescent  lamps  in  a  satisfactory  manner. 
High-frequency  current  may  be  obtained  from  low-frequency 
by  using  a  low-frequency  motor  to  drive  a  high-frequency 
dynamo  or  by  using  a  fivqiiency  chanjeer. 

Fig.  36  shows  a  frequency  changer  of  a  type  used  in  con- 
nection with  lighting  work.  It  consists  of  a  synchronous 
motor  A  direct  connected  to  an  induction  motor  B  of 
special  design.  Motor  A  is  driven  by  current  supplied 
from  the  armature  of  li.      The  current  to  be  changed  is 


led  into  the  stationary  field  winding  of  /?,  and  the  high- 
frequency  current  is  taken  from  the  armature  of  />'  by  means 
of  the  collecting  rings  C.  The  armature  of  an  induction 
motor  always  revolves  at  a  sliglilly  lower  speed  than  the 
magnetism  set  up  by  the  field  windings,  the  difference  in 
speed  between  the  armature  and  the  field  being  known  as 
the  slip.  If  the  armature  were  held  from  turning,  the 
frequency  of  the  currents  set  up  in  its  windings  would  be 
the  same  as  the  frequency  of  the  current  in  the  fiidd;  In 
other  words,  the  machine  would  then  be  acting  like  an 
ordinary  transformer.     As  the  motor  is  allowed  to  run  up 
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to  speed,  the  frequency  of  the  armature  currents  becomes 
slower  and  slower  until  the  motor  runs  at  a  speed  only 
slightly  lower  than  that  of  the  field,  and  the  frequency  of  the 
armature  currents  drops  down  to  from  2  to  5  per  cent,  of  that 
of  the  field  current,  depending  on  the  amount  of  slip.  Now 
suppose  that  instead  of  letting  the  armature  run  in  the 
direction  it  ordinarily  would,  we  drive  it  in  the  opposite 
direction.  The  effect  on  the  frequency  of  the  currents  in 
the  armature  is  then  just  the  opposite,  i.  e.,  the  fre- 
quency, which  is  the  same  as  that  in  the  field  at  stand- 
still, increases  as  the  armature  is  revolved  in  the  opposite 
direction  by  means  of  motor  A.  If  it  were  run  up  to  its 
regular  speed  in  the  opposite  direction,  the  frequency  would 
be  just  doubled.  If  it  were  driven  at  half  the  normal  speed 
in  the  opposite  direction,  the  frequency  would  be  made  one 
and  one-half  times  as  great.  For  example,  if  a  frequency 
of  40  were  to  be  raised  to  60,  the  armature  would  be  driven 
in  the  opposite  direction  at  half  its  ordinary  speed.  Fre- 
quency changers  of  this  kind  are  used,  among  other  places, 
in  connection  with  the  Brooklyn  lighting  system,  and  also  at 
Buffalo,  where  the  25-cycle  current  from  the  Niagara  plant 
is  changed  to  G2  cycles  for  use  in  connection  with  lighting 
work. 
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71,  This  method  of  distribution  is  used  for  operating 
incandescent  street  lights  in  series  and  has  been  used  quite 
extensively  for  that  purpose.  It  allows  street  lighting  to  be 
carried  out  in  connection  with  a  regular  constant-potential 
lighting  plant,  and  such  plants  are  thereby  enabled  to  under- 
take street  lighting  with  very  little  expense  for  station 
apparatus.  Of  course,  street  incandescent  lamps  could  be 
operated  directly  from  transformers  and,  in  fact,  they  often 
are  run  in  this  way.  As  a  rule,  however,  they  would  be 
scattered  too  much  to  be  operated  economically  in  parallel, 
and  hence  the  series  system  was  developed  for  this  work. 
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When  a  number  of  lamps  are  connected  in  series  in  a 
circuit,  the  current  in  that  circuit  must  be  kept  at  the 
same  value,  no  matter  how  many  lamps  arc  in  operation. 
The  term  constant  current,  as  applied  to  this  system, 
implies,  therefore,  that  the  current  is  maintained  at  a 
constant  value  and  not  that  the  current  is  a  direct  or 
continuous  one.  As  mentioned  above,  such  circuits  are 
run  from  constant-potential  alternators,  a  regulator  being 
used  in  each  circuit  to  keep  the  current  at  a  constant 
value.  The  series-incandescent  system  of  street  lighting 
is  especially  useful  for  small  plants,  where  it  would  not 
pay  to  install  separate  arc-light  dynamos.  The  system  is 
also  used  m  larger  places  on  streets  that  are  very  heavily 
shaded  or  in  alleys  or  other  places  where  an  arc  light  is 
hardly  necessary. 

72.    Fig.  36  shows  a  series  of  incandescent  lamps  /,  /  con- 
nected across  an  ordinary  constant-potential  circuit  fed  by 


the  alternator  A.     Suppose,  for  ctample,  that  the  pressure 

generated  by  the  dynamo  is  1,000  voUk;  then  if  L-ach  iamp 

,  required,  say,  20  volts,  60  lamps  would  have  to  be  run  in 
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series  in  order  to  take  up  the  full  voltage  of  the  dynamo. 
Lamps  for  use  on  circuits  of  this  kind  are  often  made  for  a 
current  of  3^  amperes  and  a  pressure  of  20  volts.  Such 
lamps  have  short,  thick  filaments,  and  are  generally  of  the 
shape  shown  in  Fig.  4.  Unfortunately,  lamps  with  short, 
thick  filaments  are  not  nearly  as  efficient  as  the  ordinary 
50-volt  or  110-volt  lamp  with  a  long,  thin  filament.  For 
this  reason,  some  of  the  more  recent  systems  of  series-incan- 
descent lighting  employ  circuits  using  50-volt  or  100-volt 
lamps,  and  use  a  correspondingly  smaller  number  on  each 
circuit.  This  is  the  case  with  the  Westinghouse  series 
system  to  be  described  later.  So  long  as  none  of  the  lamps 
burn  out,  the  current  in  the  circuit  will  remain  constant, 
because  the  line  pressure  and  the  resistance  of  the  lamp  cir- 
cuit are  constant.  Each  lamp  must  be  provided  with  some 
means  for  maintaining  the  continuity  of  the  circuit  in  case 
a  lamp  breaks  down,  otherwise  all  the  lamps  on  the  circuit 
would  be  extinguished.     One  of  the  most  common  devices 

for  preventing  an  interruption  of  the  circuit  is 
the  film  cut-out,  the  principle  of  which  will 
be  understood  by  referring  to  Fig.  37.  This 
shows  the  under  side  of  a  lamp  base ;  the  flat 
spring  a  is  attached  to  one  terminal  and  is 
separated  from  the  other  terminal  by  the  film 
of  paper  ^.  Ordinarily  the  pressure  between 
the  lamp  terminals  is  equal  to  the  drop  through  the  lamp 
and  is  quite  small.  If,  however,  the  lamp  should  burn  out, 
the  current  in  the  circuit  ceases  flowing  for  an  instant,  thus 
causing  the  i)ressure  between  the  lamp  terminals  to  at  once 
rise  to  the  full  pressure  of  the  dynamo,  because  the  current 
becomes  zero  and  the  drop  in  the  line  and  lamps  also  becomes 
zero.  This  pressure  is  more  than  the  film  can  stand,  and 
it  is  at  once  punctured,  thus  allowing  a  to  touch  the  other 
terminal  and  maintain  the  circuit.  The  film  cut-out  simply 
maintains  the  continuity  of  the  circuit  without  inserting  a 
resistance  of  any  kind  to  take  the  place  of  the  lamp,  and  the 
current  would,  therefore,  increase  if  some  means  were  not 
adopted  for  regulating  it  at  the  station.     There  are  several 
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compensate  for  any  lamps  that  may  burn  out,  but  that  will 
also  allow  a  wide  variation  in  the  voltage  applied  to  the  cir- 
cuit. For  example,  we  might  wish  to  run  a  circuit  having 
40  20-volt  lamps  from  a  1,000-volt  alternator.  The  series 
of  lamps  would  only  require  40  X  20  =  800  volts,  and  if  the 
lamp  board  were  used,  10  lamps  would  have  to  be  inserted 
in  the  station  to  take  up  the  extra  200  volts,  neglecting  the 
drop  in  the  line.  This  would  be  an  expensive  and  wasteful 
method. 

The  C.  R.  regulator  is  simply  a  special  kind  of  trans- 
former that  is  so  made  that  its  secondary  voltage  may 
be  added  to  or  sub- 
tracted from  that  of 
the  dynamo.  The 
operation  of  this  reg- 
i  ulator  will  be,  under- 

stood by  referring 
to  Fig.  39.  Two 
coils  A  B  and  CD 
are  wound  on  a  lam- 
i  n  a  t  e  d  iron  core. 
The  coil  C  D  is  di- 
vided into  a  number 
of  sections,  and  con- 
nections are  brought 
''"'"^'  out    to    the    contact 

blocks  (7 ;  It  and  g  are  two  contact  strips  in  the  form  of  cir- 
cular arcs,  /(  being  connected  to  one  end  of  the  lamp  circuit 
and  ^^  to  one  end  of  the  coil  Ji,  which  is  also  connected  to 
one  of  the  primary  lines.  The  other  end  of  the  primary 
coil  is  c<mnccted  tct  the  circuit  and  to  the  other  primary 
wire,  as  shown  at  A.  An  ammeter  is  also  included  in  the 
circuit  to  show  when  the  current  is  at  its  proper  value. 
The  contact  pieces  i;  f  make  c<mtact  between  the  circular 
arcs  and  the  coil  terminal  pieces  a,  and  are  so  arranged  that 
when  a  wheel  is  turned  they  move  towards  each  other  or 
away  from  each  other,  as  the  case  may  be.  They  are  also 
arranged  so  that  they  may  move  past  each  other. 
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Suppose  that  bolh  i' and /*  rest  on  the  same  block  in  the 
center  of  the  dial;  then,  the  current  flows  from  the  line 
through  the  path  l-3-B-g-f-e-h-l-l-l-M-:t^  and  the  pres- 
sure applied  to  the  lamp  circuit  is  the  same  as  that  supplied 
by  the  alternator.  A  current  will  also  flow  through  A  B, 
because  this  coil  is  connected  directly  across  the  line,  just 
like  the  primary  coil  of  a  transformer.  This  current  will  set 
up  an  alternating  magnetism  around  the  iron  core  and  an 
electromotive  force  in  the  coil  CD.  If  now  we  connect  any 
of  the  turns  of  CD  in  series  with  the  lamp  circuit,  the  pres- 
sure applied  to  the  lamps  will  be  greater  or  less  than  the 
dynamo  pressure,  depending  on  whether  the  E.  M.  F. 
induced  in  the  part  of  CD  cut  in  is  opposed  to  or  aids  the 
E.  M.  F.  of  the  dynamo.  Suppose  the  regulating  wheel  to 
be  moved  so  that  the  contact  pieces  are  in  the  position 
sliown;  the  current  will  flow  through  that  part  of  the 
coi!  C  D  included  between  the  contacts  i\  /",  and  we  will 
suppo.se  that  the  connections  are  such  that  the  E.  M.  F. 
of  this  portion  of  the  coil  is  added  to  the  line.  If  the 
handle  is  turned  the  other  way,  so  that  the  sliding  pieces  c 
and  f  move  past  each  other  and  thus  exchange  places,  it 
is  readily  seen  that  the  effect  is  to  make  the  current  pa.ss 
through  the  portion  of  the  coil  between  e  and  f  in  the 
opposite  direction  to  what  it  did  before;  hence,  with  the 
contacts  in  this  latter  position,  the  line  E.  M.  F.  will  be 
diminished  by  the  E.  M.  F.  induced  in  the  portion  of  the 
coil  cut  in.  It  follows,  then,  that  with  this  arrangement, 
the  E.  M.  F.  applied  to  the  line  may  be  raised  or  lowered 
by  the  E.  M.  F.  supplied  to  the  coil  C  D.  For  exami)le, 
in  a  regulator  designed  for  a  circuit  of  1,100  volts,  the 
adjustable  coil  is  wound  for  230  volts  and  is  divided  into 
23  sections  of  10  volts  each.  The  voltage  on  the  line 
can,  therefore,  be  varied  from  1,100  —  230  to  1,100  +  230, 
i.  e.,  from  870  to  1,330  volts.  This  allows  quite  a  wide 
variation  in  the  number  of  lamps  that  can  be  operated 
on  a  circuit  and  gives  at  the  same  time  a  ready  means 
of  adjusting  the  current  in  case  a  few  lamps  happen  to 
burn  out. 

/.     III.— 6. 
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Fig.  40  shows  the  general  appearance  of  oneof  these  regu- 
lators. The  regulating  dial  is  seen  in  the  center  and  is  so 
arranged  that  when  the  wheel  is 
turned,  one  arm  moves  in  one  direc- 
tion and  the  other  arm  in  the  oppo- 
site direction.  The  switch  at  the 
top  of  the  board  serves  to  disconnect 
the  regulator  from  the  circuit  and 
dynamo. 

75.  Wp«tlnghoiisc  Constant- 
Current  Ineimrtt'sccnt  System. — 
The  series-incandescent  street-light- 
ing devices  used  by  the  Westinghouse 
Company  are  considerably  different 
from  the  two  previously  described,  in 
regard  to  the  method  of  compensa- 
ting for  burned-out  lamps.  Ordinary 
50-volt  or  100-volt  lamps  are  used. 
For  example,  on  a  1,000-volt  cir- 
cuit, ao  50-volt  or  10  100-volt  lamps 
would  be  connected  in  series.  These 
^"'■«>.  are    preferable    to    the    low-voltage 

20-volt  lami»s,  because  they  are  more  efficient.      Moreover, 
the  ordinary  5(i-volt  or  l(K)-volt  lamps  are  cheaper.     The 
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Operation    of    the  West in^;hr nisi;   dovire  will   !»■  understcMxt 
by    referring    to  I'"ig.    41.      L,    /.,    /-   rfprest-nl   a   series   of 
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ten  100-volt  lamps  connected  across  the  1,000- volt  mains  J/. 
Across  the  terminals  of  each  lamp  a  coil  c,  wound  on  a 
laminated  iron  core  d^  is  connected  so  that  the  coil  is  in 
shunt  with  the  lamp  under  ordinary  working  conditions. 
If  a  lamp  should  break,  the  current  must  then  pass  through 
the  coil.  As  long  as  the  lamp  is  unbroken,  but  a  very 
small  current  passes  through  the  shunt  coil;  just  enough 
current  will  flow  to  magnetize  the  coil  sufficiently  to  gen- 
crate  a  counter  E.  M.  F.  of  100  volts.  When  the  lamp 
burns  out,  the  whole  current  passes  through  the  shunt  coil, 
but  as  the  iron  in  the  core  is  worked  at  a  point  near  satura- 
tion, the  counter  E.  M.  F.  rises  but  slightly  over  100  volts, 
although  the  current  through  the  coil  is  very  much  greater 
than  it  was  before  the  lamp  broke.  The  coil,  therefore, 
takes  the  place  of  the  lamp  and  introduces  into  the  circuit 
a  counter  E.  M.  F.  of  slightly  over  100  volts  to  take  the 
place  of  the  lamp.  The  current  remains  about  the  same 
and  the  life  of  the  remaining  lamps  is  not  endangered.  If 
as  many  as  four  or  five  lamps  are  out  at  once,  the  remaining 
lamps  become  somewhat  dim  on  account  of  the  fact  that 
each  shunt  coil  introduces  a  little  higher  counter  E.  ^L  F. 
than  the  amount  of  the  drop  through  the  lamp  that  it 
replaces.  All  that  is  necessary  to  restore  the  circuit  to  its 
normal  condition  is  to  replace  the  burned-out  lamps.  This 
system  has  the  advantage  that  it 
is  automatic  in  its  action,  requir- 
ing no  attention  other  than  the  re- 
placing of  old  or  burned-out  lamps. 
It  also  has  the  advantage  that  it 
is  not  necessary  to  bring  the  cir- 
cuit to  the  station.  One  end  of 
the  circuit  may  be  attached  to  the 
main  at  any  convenient  point  and 
the  other  end  attached  to  the  other 
main,  the  only  essential  being  that 
the  two  ends  shall  connect  to  the 
two  sides  of   the   circuit.     It  has  ^''"•-  *'*• 

the  disadvantage  that  if  a  short  circuit  occurs  on  the  line. 
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a  number  of  the  shunt  coils  are  liable  to  be  burned  out. 
The  shunt  coils  are  mounted  in  cast-iron  boxes,  which  also 
serve  for  the  base  of  the  bracket  supporting  the  lamp. 
Fig.   42  shows  the  shuiA-coil  box.     The  hole  a  is  tapped 


Fig.  43. 


to  receive  the  gas-pipe  bracket,  as  shown  in  Fig.  43.  Street 
incandescent  lamps  are  usually  provided  with  white  enam- 
eled reflectors  and  are  mounted  about  10  to  15  feet  above 
the  ground. 


SI' M  MARY. 

70,  The  methods  of  distribution  described  above  repre- 
sent those  commonly  used  in  practice,  and  it  will  be  seen 
that  the  electrical  engineer  has  a  large  number  of  methods 
from  which  to  choose  when  installing  a  plant.  Just  which 
one  is  best  suited  to  any  particular  case  will  be  decided 
largely  by  the  amount  of  the  power  and  the  distance  over 
which  it  is  to  be  transmitted.  The  use  of  multiphase  svs- 
tems  is  becoming  very  popular,  and  they  are  now  very 
common  whenever  the  power  is  to  be  transmitted  for  any 
considerable  distance.  Either  the  two-phase  or  three-phase 
systems  are  suitable  for  this  work,  and  there  is  little  choice 
between  them.  Direct  current,  using  either  the  two-wire  or 
three-wire  system,  will,  no  doubt,  continue  to  be  used  very 
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extensively  for  isolated  plants  or  for  supplying  light  to 
compact  and  thickly  settled  districts;  it  is  simpler  for  this 
purpose  than  alternating  current,  and  there  is  no  need  of 
using  a  high  pressure  under  such  circumstances,  as  the 
saving  in  copper  would  be  more  than  offset  by  the  addi- 
tional cost  of  transformers. 


liINK    CATXFLATIOXS. 


TWO-AVIRE   AND    THREE-AVIKK,    I>IREC:T-CUR11ENT    SYSTEMS. 

77.  The  methods  for  calculating  the  size  of  wire  required 
to  transmit  a  given  current  over  a  given  distance  with  a 
certain  allowable  drop  are  the  same  as  those  used  for  the 
calculation  of  power-transmission  lines,  though  sometimes 
the  formulas  are  put  in  a  slightly  different  form  so  as  to  be 
more  directly  applicable  to  the  subject  of  electric  lighting. 

78.  The  formula  that  is  most  generally  applicable  is  the 
following : 

A  = ,  (5.) 

where  A  =  required  area  of  cross-section  of  wire  in  circular 

mils; 
7?  =  distance  in  feet  (one  way)  to  point  where  current 

is  distributed ; 
C  =  current  in  amperes  transmitted; 
e  =  drop  in  volts. 

In  making  line  calculations  in  connection  with  electric 
lighting,  some  judgment  must  be  exercised  in  choosing  the 
value  of  the  distance  I).  This  is  not  the  distance  to  the 
first  lamp  supplied  or  the  distance  to  the  farthest  lamp,  but 
the  distance  to  the  center  of  distribution;  in  other  words, 
the  distance  to  the  point  at  which  we  might  imagine  all  the 
lamps  to  be  grouped.  The  product  of  the  distance  /)  to  the 
center  of  distribution  and  the  current  C  is  often  sj)()ken  of 
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as  the  ampere-feet  of  the. circuit;  hence,  we  may  write  the 
rule  as  follows: 

TlxiVv'.—  'nie  area  in  circular  mils  required  for  a  two-iuirc 
circuit  is  found  by  multiplying  the  ampere- feet  by  21.6  and 
dividing  by  the  drop  in  volts. 

79.  Center  of  Distribution.— The  disUnce  D  to  the 
center  of  distribution  will  be  best  understood  by  taking  a 
few  cases  illustrating  the  point.  Consider  a  number  of 
lamps  /,  /,  Fig.  44,  arranged  as  shown  and  fed  by  the 
dynamo  A.  The  distance  from  the  dynamo  to  the  first 
lamp  is  1,000  feet,  and  the  lamps  are  spaced  out  over  a  dis- 
tance of  100  feet.     The  whole  of  the  current  would  have  to 
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be  transmitted  through  the  first  1,000  feet,  but  from  that 
point  it  would  gradually  fall  ofT.  We  may  then  take  the 
point  a  as  the  center  of  distribution,  because  the  load  is 
al)out  ecpially  (listril)ute(l  on  each  side  of  this  ])oint,  and  the 
distance*  D  used  in  the  formula  would  be  1,0.*)()  feet. 

Take  the  case  shown  in  Fig.  45,  wht^re  the  lamps  are  spaced 
evenly  all  the  way  along  the  line.     In  this  case,  the  center  of 

h U 1^ 

distribution  a  may  be  takcni  as  at  the  middle,  and  hence  the 
distance  D  is  only  one-half  the  leni^th  of  the  line  from  A  to 
/>*.  The  e.\act  location  of  the  cn-nter  of  distribution  becomes 
more  dillicult  to  determine  when  the  l<>a<l  is  unevenly  spaced 
or  distributed,  but  in  most  (^as(»s  it  tan  be  located  close 
enough  for  prac^tieal  pnri)oses  by  laying  out  the  system  and 
noting  carefully  the  loads  on  the  dilTerent  circuits. 
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80.  Ciiprent  Estimation. — The  current  can  be  readily 
determined  when  the  nature  of  the  load  is  known.  The  gen- 
eral practice  is  to  allow  ^  ampere  for  each  l(]-candlepower 
lamp  and  1  ampere  for  a  32-candlepower  lamp  on  110- volt 
circuits.  It  might  be  well  to  mention  at  this  point  that  some 
prefer  to  make  calculations  for  lighting  circuits  by  using 
lamp'fcct  instead  of  ampere-feet.  The  number  of  lamp- 
foet  is  the  product  of  the  number  of  10-candlepower  lamps 
to  be  supplied  and  the  distance  to  the  center  of  distribution. 
When  this  term  is  used,  it  always  implies  the  use  of 
H)-candlepower  lamps;  if  any  32-candlepower  lamps  are 
o{)erated,  each  lamp  must  be  counted  as  two  lO-candlepower, 
etc.     If  lamp-feet  are  used,  the  formula  becomes 

A  = ^ ,  (6.) 

where  A  =  area  in  circular  mils ; 

D  =  distance  in  feet  one  way  to  center  of  distribu- 
tion; 
A^=  number  of  lamps  (expressed  in  terms  of  lf»-can- 

dlepower  lamps) ; 
e  =  drop  in  volts. 

Rule. —  To  determine  the  area  of  cross-sect io7i  for  a  tivo- 
wire  IW'Volt  circuity  multiply  the  lamp- feet  by  10.8  and 
divide  by  the  drop  in  volts. 

81.  This  rule  is  here  given  because  it  is  frequently  used. 
F*ormula  5  is,  however,  much  to  be  preferred,  because  for- 
mula 0  assumes  that  each  lamp  takes  \  ampere,  and  this  may 
or  may  not  be  the  case.  •  Formula  5  is  applicable  to  any 
case  because  the  current  is  used  in  it,  and  this  current  is 
determined  from  a  knowledge  of  the  devices  to  be  operated. 
The  use  of  these  formulas  will  be  understood  from  the  fol- 
lowing examples,  applying  them  to  the  calculations  of  lines 
for  an  ordinary  two-wire  lighting  system.      We  will    first 

take  the  simple  case  shown  in  Fig.  44. 

•• 

ExAMPLB  1. — A  dynamo  A,  V\\r.  44.  delivers  current  at  110  volts  to 
50  lamiKt  distributed  as  shown  alx)ut  a  as  a  (enter.  The  dro]) must  not 
exceed  10  volts.     Find  the  size  uf  wire  rcc^uired. 
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Solution. — The  distance  to  the  center  of  distribution  is  here 
1,050  feet,  as  already  explained.  The  current  will  be  25  amperes, 
because  each  lamp  will  take  ^  ampere.     Using  formula  6,  we  have 

21.6x1,050x25 
10 


A  = 


-—  =  56,700  cir.  mils.     Ans. 


A  No.  3  B.  &  S.  wire  would  likely  be  used. 

Example  2. — A  dynamo  A,  Fig.  46,  supplies  current  through  the 
feeders  h,  c  to  the  feeding-in  p<jint  a.  From  this  point  lamps  are  sup- 
plied by  means  of  the  mains  d,  e  andy,  g.  The  number  of  16-candle- 
power  lamps  and  the  various  distances  are  shown  in  the  figure.  The 
total  drop  in  voltage  from  the  dynamo  to  the  last  lamps  must  not 
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exceed  15  volts,  of  which  18  volts  is  to  be  in  the  feeders  and  2  volts  in 
the  mains;  recjiiircd,  {a)  the  cross-section  and  gauije  number  of  the 
feeders  b,  c\  {b)  the  cross-section  and  nearest  gauge  number  ,of 
the  mains  d,  c\  (r)  the  cross-section  and  nearest  gauge  number 
of  the  mainsy,  g. 

Solution. —        150  lamps  will  require  75  amperes. 

50  lamps  will  require  25  amperes. 

Total  current  KM)  amperes. 

{li)  We  are  allowed  a  drop  of  18  volts  in  the  feeders  and  a  drop  of 
2  volts  in  the  mains.  No  current  is  taken  from  the  feeders  at  anv 
intermediate  point ;  hence,  the  distance  1>  from  the  dynamo  to  the 
center  of  distribution  a  will  be  taken  the  same  as  the  actual  distance, 
i.  e.,  400  feet.     Using  fornnila  5,  we  have,  then,  for  the  feeders 
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1  ^ 


21. r,  X  400  X  100 


-  00,401  ( ir.  mils. 


This  woukI  call  for  a  Xo.  2  B.  ^'  S.  wire.     Ans. 
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if>\  The  current  in  the  mains  //.  <•  will  he  *25  amperes.  The  distance 
fmm  «i  to  the  center  of  distribution  will  he  2<.N)  —  »||'^  =  *2.*M)  fot-t,  l)ecause 
the  lamps  are  spaced  evenly  along  the  last  \(¥i)  feet.  The  drop  in  the 
mains  is  nut  to  exceed  2  volts;  hence,  we  have 

,       21.6  X  251)  X  25       _  ^ . .    .         .,         . 
A  = jj =  6*,.**H)  cir.  mils.     Ans. 

This  also  would  call  for  a  No.  2  B.  &  S.  wire.  No.  2  B.  &•  S.  wire  is 
a  little  smaller  than  the  cross-section  called  for,  but  it  would  probably 
be  used,  as  the  increa.sed  drop  caused  by  doing  so  would  l^e  very  small. 

(r)  The  current  supplied  through  mains  _/',  ^4,''  is  75  amperes.  Here 
the  l«>ad  is  uniformly  distributed  along  the  mains,  and  the  distance  to 
the  center  of  distribution  is  i|*^  =  65  feet.     The  drop  is  2  volts.     We 

have,  then, 

.       21.6x65xT5       _  _^    .         ., 
A  = ^ =  o2,6.>0  cir.  mils. 

This  would  call  for  a  No.  3  B.  &  S.  wire.     Ans. 

It  will  be  noticed  in  this  example  that  although  the  mains  carry  a 
smaller  current  over  a  shorter  distance  than  the  feeders,  they  work  out 
al>out  the  same  size.  This  is  because  of  the  large  drop  allowed  in  the 
feeders  com|)ared  with  that  in  the  mains. 

E.x AMPLE  3. — Fig.  47  shows  a  three-wire  distributing  system.  The 
dynamos  A^  B  supply  current  through  feeders  to  the  junction  Ih)x  /. 
From  this  point  mains  are  carried  to  the  buildings  where  light  is  to  Ihj 
supplied.  In  this  case,  the  conductors  marked  mains  are  sometimes 
<'alle<l  subfeeders,  because  they  are  really  branches  of  the  main  feeder 
and  no  branches  are  taken  off  Ixjtween  the  junction  l)ox  and  the  end  of 
these  lines.  In  this  case,  the  total  drop  from  the  dynamo  to  the  lamps 
is  not  to  exceed  10  i)er  cent,  of  the  lamp  voltage,  and  the  pressure  at 
the  lamp>s  is  to  be  110  volts,  (rf)  Calculate  the  size  of  the  feeders  C 
c^l  Calculate  the  size  of  the  mains  />.  (^)  Calculate  the  size  of  the 
mains  /:'.  The  calculation  of  the  size  of  wires  recjiiired  for  the  lu>u»ie 
wiring  will  not  be  taken  up  here,  as  it  belongs  to  interior  wiring  and 
we  are  only  c«mcerned  for  the  present  with  the  outside  distri]>uting 
wires.  The  pressure  at  the  dynamo  will  be  110  \-  110  x  .1  ■  l-l  volts. 
Of  the  total  drop  of  10  per  cent,  we  will  allow  1.5  jut  cent,  in  the  house 
wiring,  3.5  jxjr  cent,  in  the  mains,  and  the  remaining  5  pc-r  cent,  in  the 
fe«'ders,  as  indicated  in  the  figure. 

Solution. — In  calculating  the  size  of  the  conductors,  we  will  eon- 
sider  the  system  as  a  two-wire  system,  the  pressure  between  the  two 
outside  wires  at  the  lam()s  being  2  X  HO  -:  220  volts  and  at  the 
<lynamo  2  X  121=242  volts.  We  will  obtain  the  size  of  the  (Mitside 
wires,  and  a  neutral  wire  «)ne-half  the  size  of  the  outside  wires  should 
be  amply  sufficient.  The  total  current  .supplied  may  be  obtained  as 
follows : 
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(a)  Each  pair  of  lamps  on  a  330-volt  three-wire  system  requires 
i  ampere:  hence,  current  in  line  D  rill  be  tfs  =  35  amperes.  Current 
in  £"will  be  i}«  =  100  amperes.  Total  current  in  the  feeders  C  will  be 
135  amperes.  The  total  drop  between  the  outside  wires  is  243  —  290 
=  33  volts.  The  drop  in  the  main  feeders  is  to  be  5  per  cent,  of 
the  lamp  voltage,  or  220  x  05  =  II.  or  5.5  volts  on  each  side.  The  dis- 
tance to  the  center  of  distribution  is  TOO  feet ;  hence, 

<."°^;'^  "''-'  =  171.818rir.mil..    A™. 

This  would  call  for  a  No.  000  B.  &  S.  wire  for  the  outside  wires  from  the 
djrnamo  up  to  the  point/.    The  neutral  wire  could  be  made  about  No.  I. 


..(  =  21-0  XjWl_x  ■>.!  ^  ,^^^^^  _^.^    ^^.|^      ^^^^^ 

This  would  require  a  No.  't  wire,  and  a  No.  S  or  !1  wuulil  1m;  sufficient 
for  the  neutral. 

(, )     The  area  .if  mains  /;  will  be 

J  _  2i.(S  X  2_lt|)  Xj""  _  :.^.  „u  ^,|j.   ij^;,^   nearly-     Ans. 

I  probably  Ix--  usl'<1  f..r  Ihi-  oulside  wires 
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CAIXTCTLATIONS  FOR  ALTERNATING-CURRENT    LINES. 

82,  A  load  that  consists  wholly  of  lamps  possesses  very 
little  self-induction,  and  for  ordinary  lighting  systems, 
where  the  distances  are  short,  it  is  usual  to  make  the  calcu- 
lations for  lines  carrying  alternating  current  in  the  same 
way  as  already  described  for  the  direct-current  system. 
This  assumes  the  power  factor  to  be  1,  which  is  not  exactly 
true.  If  greater  accuracy  is  required,  formulas  taking  into 
consideration  the  power  factor  should  be  used.  After  the 
primary  current  has  been  determined  and  the  distance  to 
the  center  of  distribution  is  known,  the  size  of  the  primary 
line  wire  may  be  worked  out.  The  power  supplied  over  the 
line  must  be  slightly  greater  than  that  supplied  to  the 
lamps,  on  account  of  the  loss  in  the  transformers.  This  loss 
will  depend,  of  course,  on  the  efficiency  of  the  transformer; 
some  of  the  older  styles  had  a  low  efficiency,  but  very  little 
power  is  wasted  in  transformers  of  modern  make.  Table  III 
gives  the  average  efficiency  at  full  load,  as  attained  by  good 
transformers. 

TABLE   III. 


EFFICIENCY  OF  TRANSFORMERS. 


Output. 

Efficiency. 

Output. 

Efficiency. 

Watts. 

Per  cent. 

Watts. 

Per  cent. 

1,000 

94.8 

7,000 

96.80 

2,000 

95.7 

8,000 

96.85 

3,000 

96.2 

9,000 

96.90 

4,000 

96.4 

10,000 

96.95 

5,000 

96.6 

15,000 

97.20 

0,000 

96.7 

83.     In   order   to  illustrate   the   calculation  of  primary 
mains,  we  will  consider  the  case  shown  in  Fig.  48. 

Example. — Current  is  supplied  to  the  transformers  Thy  means  of 
the  primary  mains  A,  B,    The  voltage  at  the  lamps  is  to  be  104  volts 
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(a  common  value  used  in  connection  with  alternating-current  lighting 
work).  A  total  of  1,000  16-candlepower  lamps  is  to  be  operated  from 
the  secondaries.  The  voltage  at  the  transformer  is  to  be  2,000  volts  at 
full  load  and  the  drop  in  the  primary  mains  200  volts,  thus  making  the 
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voltage  at  the  alternator  2,200  volts  at  full  load.  The  loss  in  the  sec- 
ondary wiring  at  full  load  must  not  exceed  2  volts,  and  the  lamps 
require  3.5  watts  per  candlepower.  The  average  efficiency  of  the  trans- 
formers may  be  taken  at  96  per  cent.  Required  the  cross-section  of  the 
primary  wires. 

Solution. — Each  lamp  requires  10  X  3.5  =  56  watts,  and  1,000  lamps 
would  call  for  56,000  watts  in  the  secondary  circuit  at  the  lamps.  The 
total  secondary  current  would  be  "JS J- amperes,  and  since  there  is  a 
drop  of  2  volts  in  the  secondary  wiring,  the  number  of  watts  lost  will  be 
^Wi^  X  2,  and  the  total  watts  delivered  by  the  secondary  must  be 
56,000  -h  ^' •;;;•;"  X  2  =  57,077,  nearly.     The  watts  delivered  to  the  pri- 

marics  would  be     '   —  ~  59,455,  and  since  the  primary  voltage  of  the 

transformers  is  2,0(M),  the  primary  current  will  be  %VV  —  29-'<'3  amperes, 
nearly.  Having  determined  the  primary  current,  we  can  now  calculate 
the  size  of  the  line.  The  distance  in  this  case  is  2  miles,  or  10,560  feet, 
and  the  drop  2!>0  vt)lts.  Wc  may  now  use  formula  5,  considering  the 
problem  the  same  as  for  a  continuous-current  circuit. 

,       21.6  X  10,560  X  29.73  . 

-i  = ,,         -        ---- 3.5,906,  approxmiately.     Ans. 


This  would  call  for  a  No.  5  B.  &  S.  wire. 
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84,  For  rough  calculations  of  the  primary  current  on 
1,000-volt  and  2,000-volt  primary  mains,  the  following 
allowance  per  lamp  may  be  used : 


TABL.K    IV. 


CURRKXT  AI^LOWANCE  PER   LAMP. 


Candlepower  of 
Lamp. 


10 
16 
32 
50 


1,000  Volts 
Primary  Pressure. 

Current  per  Lamp. 


.035 
.050 
.100 
.150 


2,000  Volts 
Primary  Pressure. 

Current  per  Lamp. 


.0175 
.0250 
.0500 
.0750 


For  example,  if  800  IG-candlepower  lamps  were  operated 
on  a  2,000-volt  circuit,  the  primary  current  would  be  about 
800  X.025  =  20  amperes.  This,  of  course,  does  not  give  the 
current  exactly,  because  to  obtain  this  the  efficiency  of  the 
transformers  and  the  lamps  should  be  known,  but  it  affords 
a  ready  means  of  getting  at  the  current  approximately 
when  preliminary  calculations  are  being  made.  In  many 
cases,  the  more  refined  calculations  would  not  change  the 
size  of  the  wire  in  any  event,  because  the  wire  selected  must 
l>e  taken  as  one  of  the  standard  sizes,  and  this  in  most  cases 
is  not  the  same  as  the  calculated  size. 


86.  In  case  the  lamps  are  operated  on  two-phase  or 
three-phase  systems,  the  watts  to  be  supplied  by  the  alter- 
nator can  easily  be  obtained  when  the  watts  per  lamp  and 
the  efficiency  of  the  transformers  are  known.  After  the 
watts  have  been  determined,  the  formulas  given  in  lilcctric 
Transmission^  Part  1,  may  be  used  to  calculate  the  size  of 
the  wire. 
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Example. —  1.000  16-candlepower.  (tO-watt  lamps  are  to  be  operated 
on  a  three-phase  system  at  a  point  16,000  feet  from  the  station.  The 
voltaj^e  at  the  transformers  is  to  be  2.000,  and  10  per  cent,  of  the  power* 
delivere<l  is  to  be  allowed  as  loss  in  the  line.  The  transformer  efficiency 
in  Wi  i>er  cent.,  and  2  per  cent,  of  the  power  delivered  at  the  lamps  is 
l'>st  in  the  secondary  wiring.  Find  the  necessary  cross-section  of  the 
line  wires. 

S^m.i;tion.— Power  supplied  to  lam i>s  =  1,000  X  CO  =  60,000   watts. 

Power  delivered  by  secondaries  =  60.000  +  .02  X  60,000  =  61 ,200.    Power 

61  200 
supplied  to  transfr»rmers  from  primary  lines  =  — ^     =  63,750  watts. 

Referring  to  lilectric  Transmission^  Part  1,  we  find  that  the  circular 
mils  are  given  by  the  formula 

Circular  mils  =  - ., — j,—  X  A 

In  this  ca.se,  I)  =-.  lO.fKK);  /•;,  =:  2,0(K);  /'  =  10.  Since  this  is  to  be  a 
thnre-|)hase  system  and  the  load  consists  wholly  of  lights,  the  con- 
stant /  may  l>e  taken  as  1,200. 

Hence, 

Circular  n.ils  =  ^.^^-^^^^^^  x  1.300  =  30.600.     Ans. 

This  is  l)etween  a  No,  5  and  a  No.  G  B.  &  S.  wire.  The  No.  5  wire 
would  most  likely  be  used. 

8(5.  When  the  total  watts  to  be  delivered  are  known,  the 
currnit  in  tlut  line  and  the  drop  in  voltage  may  be  estimated 
by  means  of  the  formulas  given  in  lilectric  transmission^ 
Part  1.  The  percentage  drop  in  voltage  may  be  consider- 
ably greater  tlian  the  percentage  loss  in  power  if  the  lines 
are  long  and  spread  a  considerable  distance  apart,  because 
under  such  circumstances  the  self-induction  of  the  lines 
would  have  considerable  effect.  It  is  customary  when 
making  calculations  with  regard  to  ordinary  single-phase 
lighting  circuits  that  are  not  of  great  length  to  use  the 
rules  givi-n  for  direct  current.  This  is  especially  true  with 
regard  tn  ihc  secondary  distributing  system,  and  in  nearly 
all  cases  will  give  results  sutheiently  accurate  for  practical 
purp(»si"S. 
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THE  LIGHTIXG  STATIOX. 

87.  The  design  of  the  central  station  for  an  electric-light- 
ing plant  involves  a  great  many  considerations  that  depend 
on  the  system  of  distribution  adopted.  The  choice  of  the 
system  itself,  as  to  whether  the  direct  or  alternating  current 
should  be  used,  is  dependent  on  the  area  of  the  territory  to 
be  lighted  and  on  the  distance  between  the  centers  of  gener- 
ation and  distribution.  Thus,  for  small  districts  in  which 
the  lighting  is  dense  and  in  which  the  central  station  can 
be  placed  approximately  in  the  center  of  the  area  illuminated, 
the  two-wire,  direct-current,  low-pressure  system  is  the  one 
most  suitable.  It  has  been  found,  however,  that  such  a 
system  is  no  longer  economical  when  the  mean  length  of  the 
feeders  becomes  greater  than  300  yards. 

Bv  the  Edison  three-wire  svstem,  the  distribution  of  direct- 
current,  low-pressure  supply  may  be  economically  conducted 
for  a  feeder  length  of  from  one-half  to  three-quarters  of  a 
mile.  The  five- wire  system  allows  of  a  mean  feeder  length 
of  one  mile.  Beyond  this  distance  direct-current  systems  are 
t<K>  costly,  and,  therefore,  the  alternating-current  system  is 
used. 

88.  The  lioeation  of  the  Oiitral  Station.  —  Since 
nearly  all  incandescent-lighting  stations  use  the  constant- 
potential  or  parallel  system  of  distribution,  the  location  of 
the  station  with  reference  to  the  district  to  be  supplied  is  of 
the  highest  importance  and  should  never  be  decided  «»n 
until  all  conditions  entering  into  the  problem  have  been 
carefully  weighed;  for  when  this  system  is  ustfd  the  (juestion 
of  ccmducting  heavy  currents  makes  the  cost  of  the  con- 
ductor a  figure  that  must  be  kept  as  low  as  jM^ssible,  and 
this  can  only  be  attained  by  making  all  distances  as  short  as 
jK^ssible.  This  would  mean  that  the  central  station  should 
be  placed  in  the  center  of  the  system  to  be  served.  Vtrry 
often  it  is  found  that,  owing  to  the  (juestions  of  coal  and 
water  supply,  the  price  of  real  estate,  or  other  !«»«  a!  con 
ditions,  the  central   station  cannot  be  placed  in  the   center 
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of  the  system,  and  that  the  loss  in  conductor  copper  is  offset 
by  other  advantages.  These  are  points  that  the  designing 
engineer  considers  after  studying  the  map  of  the  area  to  be 
served  and  the  estimates  of  the  probable  supply. 

In  general,  however,  it  will  be  observed  that  the  cen- 
tral station  in  parallel  distribution  forms  very  nearly  the 
electrical  center  of  gravity  of  the  system.  The  present 
tendency  in  large  cities  seems  to  be  towards  the  consoli- 
dation of  the  generating  plant  in  one  large  central  station 
located  at  some  point  where  the  fuel  and  water  supply  is 
good.  This  is  the  natural  outcome  of  high-tension  transmis- 
sion. These  stations  are  provided  with  alternators  of  large 
output  that  supply  current  at  high  pressure  to  various  sub- 
stations located  near  the  points  of  distribution.  By  utilizing 
this  high-pressure  transmission  scheme,  it  becomes  unneces- 
sary to  have  the  plant  located  near  the  point  where  the  current 
is  used.  Such  an  arrangement  involves  more  complication 
than  where  the  current  is  supplied  directly  from  the  gener- 
ating station,  but  for  large  cities  it  is,  nevertheless,  found  to 
be  advantageous. 

89.  The  IJoilei's. — The  greatest  demand  for  current 
from  a  central  station  supplying  lighting  circuits  occurs  at 
stated  hours,  during  which  time  the  boilers  are  usually 
called  upon  for  their  full  steam  capacity.  Before  and  after 
this  time  the  demand  for  current  is  verv  much  less,  and  the 
boilers  are,  therefore,  not  often  worked  to  their  full  capacity. 
Unless  thev  are  used  continuous! v,  it  is  evident  that  the 
lighting  and  firing  up  of  the  several  boilers  for  only  short 
periods  during  the  evening  produces  an  immense  waste  of 
heat  from  radiation  and  conduction,  which  takes  place  as 
they  cool  down  after  having  been  thrown  out  of  use.  Such 
losses  are,  of  course,  increased  when  there  are  larger  masses 
of  brickwork  in  direct  contact  with  the  fuel  which  must  be 
heated  up.  For  this  reason,  internally  lired  boilers,  such  as 
the  marine  boilers  or  the  Lancashire  type,  are  often  used, 
though  the  latter  has  the  objectionable  feature  of  requiring 
much  lloor  space.     Owing  to  this  cause,  water-tube  boilers^ 
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of  which  the  well-known  Babcock  &  Wilcox  is  a  good  example, 
are  very  generally  used  in  electric-lighting  stations. 

90,  The  Engrlnes.  —  In  the  selection  of  engines,  the 
choice  lies  between  direct-coupled  engines  and  those  driving 
dynamos  by  belting  or  rope  gear. 

The  engine  built  for  direct  coupling  to  dynamos  must 
necessarily  have  the  speed  required  to  run  the  dynamo. 
This  speed  is  a  relatively  high  one  for  engines,  even  where 
the  dynamo  is  very  large,  and  until  quite  recently  such 
engines  were  not  numerous.  At  present,  however,  high- 
speed engines  of  high  grade  are  much  used,  and  the  modern 
central  station  is  mainly  equipped  with  direct-coupled 
machines.  These  are  particularly  adapted  to  stations  where 
space  is  limited.  Where  this  is  not  the  case,  many  plants 
drive  their  dynamos  in  groups,  either  from  the  engine  fly- 
wheel or  by  means  of  belting. 


DYXAM08    FOR   INCAXDKSCEXT    LIGIITIXG. 

91,  The  type  of  dynamo  used  for  operating  a  lighting 
system  will  depend  on  the  method  of  distribution  adopted. 
The  construction  of  the  dynamo  will  also  depend  to  some 
extent  on  the  method  used  for  driving  it;  i.  e.,  on  whether 
it  is  driven  by  means  of  a  belt  or  coupled  directly  to  the 
steam  engine  or  water  wheel.  We  will  consider,  briefly,  a 
few  of  the  different  types  used  in  order  to  point  out  some  of 
their  distinguishing  features. 


DIRKCrr-CUIlUKNT  HYNAMOS. 

9tS.  Ilelt-Drlven  Dynamos. — Dynamos  used  for  oper- 
ating incandescent  lamps  on  the  two-wire  or  three-wire 
systems  are  almost  invariably  comj)ound-wound.  Shunt- 
wound  machines  were  used  some  years  ago  for  this  purpose, 
but  the  compoimd-wound  machine  is  much  better,  since  it 
keeps  the  voltage  at  the  right  value  automatically.  Tsually 
the  machines  arc  overcompounded,  so  as  to  give  a  rise  in 
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current  at  60  cycles  per  second.  The  alternator  is  pro- 
vided with  only  two  collector  rings  r,  r  because  it  gener- 
ates single-phase  current.  Each  ring  is  provided  with  a 
brush  c.  The  rectifier  is  shown  at  w,  and  by  means  of  it 
the  current  sent  through  the  series  field  winding  is  made 
unidirectional;  ^,  ^  is  a  pair  of  the  rectifier  brushes  and 
there  is  a  similar  pair,  not  shown,  on  the  opiK)site  side  of 
the  rectifier.  One  of  the  leads  connecting  to  the  series  field 
is  shown  at  /,  and  there  is  a  similar  one  on  the  other  side  of 
the  machine.  The  terminals  of  the  armature  winding  lead- 
ing to  the  collector  rings  and  rectifier  are  shown  at  ;/,  n. 
The  terminals  of  the  machine  are  /,  /',  and  from  these  the 
main  wires  are  led  to  the  switchboard.  The  two  leads  ^,  o' 
lead  from  the  terminals  of  the  series  coil  to  the  shunt 
used  in  connection  with  the  compound  coils.  This  shunt  is 
housed  in  the  bearing  pedestal.  The  exciter  is  here  shown 
belted  to  a  pulley  on  the  end  of  the  alternator  armature 
shaft.  In  many  cases  the  exciter  is  driven  separately.  The 
binding  posts  /,  /'  are  the  terminals  of  the  separately 
excited  field  coils.  The  whole  machine  is  mounted  on  rails 
so  that  the  tension  on  the  belt  may  be  adjusted.  The  ordi- 
nary incandescent-lighting  alternator  of  the  type  shown  is 
usually  wound  for  either  1,100  volts  or  2/200  volts,  as  these 
pressures  arc  high  enough  for  economical  distribution  unless 
the  distances  are  longer  than  are  usually  met  with  in  the 
common  run  of  towns  or  medium-sized  cities. 

•W.  Fig.  r)'>  shows  a  General  Electric  alternator  of  the 
■evolvin<r-fiel(l  belt-driven  tvpe.  This  machine  is  of  300  kilo- 
i^atts  capacity  and  is  wound  to  deliver  three-phase  cur- 
en  ts  at  a  frecjuency  of  CO  (  ycles.  The  revolving  field  is 
^^n  at  A^  but  a  better  idea  as  to  the  construction  of  the 
machine  will  be  obtained  by  referring  to  Fig.  53.  The 
'Volving  field  consists  of  a  steel  ring  />  supported  by  the 
>Kler  c  c.  The  ring  J>  carries  the  laminated  pole  pieces  />>, 
"Jch  j^re  dovetailed  into  the  ring  as  shown  at  c.  In  the 
'"Rer  machines  the  pole  pieces  are  bolted  to  the  ring.  Each 
*Je  piece  is  provided  with  a  field  coil  d,  which,  in  the  larger 
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machines,  is  wound  with  copper  strip  placed  on  edge.     These 
coils  are  connected  in  series  and  their  terminals  brought  to 


collector  rings  mounted  on  the  shaft.  By  means  of  these 
rings  the  exciting  current  is  led  into  the  field.  The  stationary 
armature  windings/",  y  {in  this  case  shown  for  u  single-phase 
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the  core  t'»gtlher  and  al?'>  to  carry  the  magnetism.  The 
I>ath  of  the  magnfciic  flux  is  indicated  by  the  dotted  line 
l-2~f-i.  and  when  the  inductor  revolves,  the  lines  of  force 
swj:p  A'-.T'i^i^  the  stati'>nar\-  coils  and  thus  set  up  the  required 
E.  >i.  F,  This  machine  has  the  advantage  of  having  no 
moving  wire  aloui  it,  but  machines  of  the  revolving-field 
ty{>e,  such  as  shown  in  Fig.  b'i,  have  the  advantage  of  using 

I 


small  fi'rl'I  coils  that  art-  I'asily  repaired  or  replaced  in  case 
anytliintf  iC-'-s  wron;;  with  lluiii.  A  number  <if  other  tyj)es 
of  inihi't-.r  alternator  are  in  use.  The  Wcstinghouse 
inai  bill';  of  this  tyfte  is  similar  to  the  one  jnst  described  and 
o|xrrat<s  on  the  same  principle,  the  chief  difference  being 
that  th'-re  is  only  one  armature  instead  of  two.  i.  e.,  the 
double  construition  shown  in  Fig.  .'>5  is  not  used.  The  same 
is  true  with  regard  V<  the  AVarren  alternator. 

OS,  I>1is-<-t-('(inn4-i-((Ml  Altorniitorsi.  —  Alternators  di- 
rei:t  (-onncrtcd  to  water  wheels  or  steam  engines  are  now 
quite  common  in  connection  with  ek-ctric-lighting  work. 
Their  construction  is  essentially  the  same  as  that  of  belted 
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99.  General  Bemarks. — From  the  foregoing  it  will  be 
seen  that  for  a  given  installation  there  is  a  wide  variety  of 
generating  apparatus  from  which  to  choose.  The  question 
as  to  whether  alternating  or  direct  current  shall  be  used  is, 
in  most  cases,  decided  by  the  distance  over  which  the 
current  is  to  be  transmitted;  and  the  question  as  to  whether 
direct-connected  or  belted  machines  shall  be  used  dep>ends 
on  the  question  of  first  cost  and  the  space  available. 
Direct -connected  machines  cost  somewhat  more  than  belted 
ones  of  the  same  output,  but,  as  the  first  cost  and  wear  and 
tear  on  belts  is  done  away  with,  and  as  the  wear  on  the  slow- 
speed  machine  is  small,  it  may  prove  that  the  more  expensive 
direct -connected  machine  is  the  cheaper  in  the  long  run. 
Again,  in  places  where  space  is  valuable  it  may  be  almost 
absolutelv  necessarv  to  use  direct-connected  units.  This  is 
very  frequently  the  case  in  city-lighting  plants  and  in  iso- 
lated plants  in  large  buildings.  In.  making  the  choice  of  a 
dynamo,  then,  for  any  particular  plant,  it  is  important  that 
the  surrounding  conditions  be  taken  into  careful  considera- 
tion, so  that  the  machine  that  will  do  its  work  most  effi- 
ciently and  with  the  least  expense  for  maintenance  will  be 
selected.  The  tendency  is  strongly  towards  the  use  of  direct 
connected  machines. 
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STATION  applia:n^ces. 

!♦  In  addition  to  the  dynamo,  the  equipment  of  an 
incandescent-lighting  station  comprises  a  number  of  appli- 
ances that  are  necessary  for  the  operation  of  the  station. 
These  instruments  are  intended  for  the  control  or  protection 
of  the  various  machines  and  circuits,  and  they  are  usually 
grouped  together  and  connected  up  on  the  switehboainl. 
The  arrangement  and  construction  of  the  switchboard  itself 
will  be  taken  up  later;  for  the  present,  we  will  consider 
briefly  some  of  the  more  important  appliances  themselves. 

The  kind  of  instruments  used  in  connection  with  the 
operation  of  the  plant  will  depend,  to  a  great  extent,  on 
whether  direct  or  alternating  current  is  used,  and  on  whether 
this  current  is  supplied  at  high  pressure  or  low  pressure. 
The  appliances  suitable  for  a  110-volt  direct-current  installa- 
tion would  not  be  suitable  for  a  2, 000- volt  alternating-cur- 
rent system.  Among  the  more  important  station  appliances 
to  be  considered  are  the  following:  szcitchcs^  bits-bars ^ 
voltmeters  and  ammeters^  fifscs,  circuit-breakers^  rheostats^ 
ground  detectors^  and  lightning  arresters. 


SWITCHE.S  AND   BUS-BAltS. 

2«  LiO"W-Tenslon  8witclii*s, — Switches  are  used  to  dis- 
connect a  circuit  or  dynamo  whenever  desired.  If  the  cur- 
rent to  be  handled  is  large,  the  switch  must  be  of  massive 
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construction.  For  ordinary  work,  where  the  pressure  does 
not  exceed  300  or  300  voits,  plain  knife  switches  are  used. 
Fig.  1  shows  a  typical  two-pole  knife  switch.  Most  of  these 
switches  are  mounted  directly  on  the  slate  or  marble  of 
which  the  switchboard  is  constructed,  and  connections  are 
made  to  them  by  means  of  studs  running  through  to  the 
back.  When  the  switch  is  opened,  connection  is  broken 
between  the  clips  1  and  2,  3  and  4>  thus  opening  both  sides 
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1(1  should  h; 
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vitchi-s  shiiulii  bt  substantially  con- 
ve  a  ciintact  surface  at  the  clii>s  of 
for  every  SO  to  Inii  ampfrtrs.  The 
if  good  foiiducUnn  material,  prefcr- 
ipcr,  and  the  clips  should  In-  stiff  enough 
I,  firm  contai-i.  A  brass  rich  in  cupper  is  fre- 
fnr  sTich  switches,  Init  if  this  is  done,  the 
lid   be  made   to  give  a  larger  ci.nlact  surface 
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than  if  pure  copper  blades  were  used.     For  pure  copper, 
the   blades    should    have   a   cross-sectional   area   of    about 
1  square  inch  for  every  1,000  amperes  carried.     Fig.  3  shows 
a   front-connected   switch 
provided  with  fuses  f,  f, 
and  Fig.  3  shows  a  triple- 
pole    switch    as    mounted 
on  a  switchboard  and 
arranged    for    back    con- 
nection.    This    last   style 
is  often  used  where  com- 
pound dynamos  are  oper- 
ated  in    multiple,   the 
middle  blade  making  the 
connection  to  the   equali- 
zing bar.    T  r  i  p  1  e  -  p  o  1  e 
switches  are  also  used  in 
connection     with     three- 
phase  installations.    Knife  ^"'" '' 
switches  should  always  be  mounted  with  the  handle  up,  !io 
that   the   blades   are    swung  down   in   order    to   open   the 
switch.     This  is  done  in  accordance  with  a  rule  of  the  Fire 
Underwriters,  which  requires  switches  to  be  so  placed  that 
when  opened  they  will  not  tend  to  fall  closed  of  their  own 
accord,  but  will,  on  the  contrary,  tend  to  remain  open.     All 
switch  bases  should  be  of  incombustible  material,  such  as 
marble,  slate,  or  porcelain. 

'.i.  lIlxli-TuiiHloti  Hwltcln's.— These  switches  arc  used 
in  connection  with  alternating-current  work  where  the  pres- 
sure is  high  and  where  ordinary  switches  would  not  be 
capable  of  breaking  the  arc.  A  great  many  types  of  high- 
tension  switches  have  been  intri)diiLed,  and  ihcir  design 
depends  to  a  large  extent  on  the  voltage  t<)  be  handled, 
t^igs.  4  and  5  show  a  style  of  quick-break  switch  that  has 
proved  very  successful  both  in  lighting  and  street-railway 
work.  It  is  simple  in  cnnstruclion,  breaks  the  arc  very 
quickly,   and  operates  well  on  circuits  where  the    pressure 


does  not 
single-poll 
as  may  b 
Fig.  6  she 


of  drawn 
nected  by 
When  the 


and  thus  stretches  the  springs.  When  the  bottom  blade 
flies  out,  it  leaves  clip  /;  very  quickly,  owing  to  the  action 
of  the  springs,  thus  drawing  out  the  arc  and  breaking  it 
almost  instantaneously.     The   main   switch   on   the    board 
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switch  must  accommodate  4  dynamo  wires  and  4  line  wires, 
hence  there  are  8  cylinders,  thus  giving  a  double  break  in 
each  line.  The  path  of  the  current  will  be  understood  by 
referring  to  the  arrows.  In  the  figure  the  switch  is  shown 
thrown  out,  but  when  the  plunger  is  in,  bushings  a  and  h^ 
c  and  d  are  connected  together,  and  the  path  of  the  current 
is  a-h-^-ii-c  to  line.  When  the  plunger  is  withdrawn  the 
arc  is  broken  between  a  and  h^  c  and  d, 

Ci.  When  large  currents  at  high  pressures  are  to  be  han- 
dled, the  General  Electric  Company  uses  switches  in  which 
the  arc  is  broken  under  oil.  It  has  been  found  that  a  com- 
paratively short  break  is  sufficient  under  such  circumstances, 
because  as  soon  as  the  arc  is  formed  the  oil  rushes  into  the 
gap  and  extinguishes  it.  Switches  operating  on  this  princi- 
ple are  in  use  in  a  number  of  the  larger  installations.  Most 
of  the  larger  sizes  are  operated  by  air  pressure  or  a  small 
electric  motor,  though  in  some  cases  they  are  arranged  for 
hand  control. 

7,  The  variety  of  switches  made  is  very  large,  and  in 
selecting  them  for  any  special  line  of  work  the  main  points 
to  look  out  for  are,  first,  to  see  that  the  switch  is  capable  of 
carrying  the  current  without  overheating  or  arcing  when 
the  circuit  is  broken;  and,  second,  to  see  that  it  is  substan- 
tially constructed.  Switches  on  lighting  boards  are  open 
and  closed  quite  frequently,  owing  to  changing  over  the  cir- 
cuits and  dynamos.  If  these  switches  arc  not  strongly  l)uilt, 
they  will  be  continually  working  loose  and  giving  trouble, 
hence  the  importance  of  paying  close  attention  to  the 
mechanical  construction. 

8,  Bus-Bars.  —  On  high-tension,  alternating-current 
switchl)oards,  the  bus-bars  do  not  need  to  be  very  heavy, 
but  on  low-tension  boards,  where  several  hundred  or,  ])rr- 
haps,  thousand  amperes  are  handled,  they  must  have  a  large 
cross-section.  They  should  have  a  cross-section  of  at  least 
1  s<|uare  inch  per  thousand  amperes  carried  and  should  be 
arranged  so  that  the  heat  g(Mierated  in  them  may  be  readily 
radiated.      They  should   always   be  substantially  mounted 


ELECTRIC   LIGHTING. 


8" 


on  the  back  of  the  switchboard  and  should  be  very  carefully 
insulated.  This  last  precaution  is  specially  necessary  in 
plants  where  the  pressure  between  the  bus-bars  is  high. 
The  bars  are  usually  of  flat  rectangular  cross-section,  and  if 
an  unusually  large  carrying  capacity  is  needed,  a  number  of 
these  bars  are  built  up  together  with  air  spaces  between 


them  to  allow  ventilation.  Round  bars  are  sometimes  used, 
but  they  arc  not  as  common  as  the  flat  bars.  For  alterna- 
ting-current bus-bars  of  large  capacity,  copper  tubes  are 
sometimes  used,  because,  when  an  alternating  current  i? 
sent  through  a  heavy  conductor,  it  is  found  that  the  current 
flows  for  the  most  part  in  the  outside  portion  of  the  con- 
ductor. The  method  of  building  up 
bars  out  of  thin  strips,  with  air  spaces 
between,  is  used  also  for  alternating-cur- 
rent hoards  where  a  large  volume  of  cur- 
j  rent  is  to  be  handled.  The  bus-bars  are 
usually  connected  to  the  dynamo  and 
feeder  switches,  either  by  means  of  cop- 
Fir,.  9.  pi^r  strijis,  as  shown  in  Fig.  8,  or  by 
means  of  cables  provided  with  terminals,  as  shown  in  Fig.  9. 
All  tliese  connecting  pieces  should  have  a  cross-section  of 
not  less  than  1  square  inch  per  1,000  amperes. 


€cm'Jtef"if  Cabk 
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13.  Potential  Trunsfbrmeis. — It  is  not  usual  to  con- 
nect voltmeters  of  the  ordinary  type  directly  across  the  line 
on  alternating-current  boards,  because 
the  pressure  is  so  great  that  a  voltmeter 
would  have  to  have  an  exceedingly  high 
resistance  to  permit  its  being  so  con- 
nected. Of  course,  if  the  pressure  were 
low  they  could  be  connected  in  the 
ordinary  way.  In  case  the  pressure  is 
Fio.  13.  high,  a  small  potential  transftirmer  is 

used  to  step  down  the  voltage.  Pig.  15  shows  a  transformer 
of  this  kind.  It  is  generally  mounted  on  the  back  ot  the 
switchboard;     its    primary  ^^^ 

coil  is  connected  to  the  line 
and  its  secondary  to  the 
voltmeter,  as  shown  in 
Fig.  16.  It  is  bad  practice 
to  run  switchboard  lamps 
from  the  potential  trans- 
former, because,  as  a  rule, 
the  transformer  does  not 
have  sufficient  capacity  for 
this  purpose,  and,  besides,  '''"■  "■ 

it  is  liable  to  interfere  seriously  with  the  accuracy  of  the 
vi.Jtmetcr  readinRs.  The  voltmeters  are  usually  graduated 
til  read  the  .'^en>n<iary  voltage,  as  this  is  what  is  generally 
required.  In  some  rases,  however,  they  are  graduated  so  as 
to  read  the  primary  voltage. 


■ent  Tmnsrin-nn'i-s. — Alternating-current  am- 

in  most  eases  connected  directly  in  circuit. 
Shunts  cannot,  as  a  rule, 
be  used  with  alternating- 
urrent  ammeters,  be- 
cause, on  account  of  the 
self-induction  of  the  coil 
in  the  instrument,  the  cur- 
:  projiortionally.      Generally,  the  current 
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to  be  handled  on  an  alternating-current  board  is  compara- 
tively small,  because  the  pressures  used  are  high  and  there 
is  no  great  difficulty  in  running  the  main  wire  directly 
through  the  instrument,  as 
shown  in  Fig.  17.  If,  how- 
ever, the  current  is  large, 
or,  what  is  often  the  case, 
if    the    generator   pressure    ^^^,^  current 


is     so     high     that     it     is     not     \J)  Tmrs/ormer 

desirable  to  have  the  main 


wires  in   contact  with   the  ^^^'  ^'^' 

instrument  in  any  way,  a  current  transformer  is  inserted 
in  the  circuit,  as  shown  in  Fig.  IS.  This  is  a  small  trans- 
former, of  which  the  primary  coil  /^consists  of  a  few  turns 
of  heavy  conductor  sufficiently  large  to  carry  the  whole  cur- 
rent. In  some  cases,  where  the  current  is  very  large,  there 
may  be  only  a  fraction  of  a  turn.  The  secondary  S  is  of  small 
wire  and  consists  of  a  comparatively  large  number  of  turns. 
The  secondary  is  connected  to  the  ammeter,  and  as  the 
current  increases  in  the  primary,  it  causes  a  proportional 
increase  in  the  current  through  the  ammeter.  The  ammeter 
may  thus  be  calibrated  so  as  to  indicate  the  main  current, 
though  the  main  current  does  not  actually  pass  through  it, 
and  it  is  at  the  same  time  entirely  disconnected  from  the 
high-pressure  dynamo  leads. 

14.  Electrostatic  Voltmeters. — There  is  one  kind  of 
voltmeter  that  is  sometimes  used,  especially  for  high-pres- 
sure alternating-current  work,  that  differs  considerably  from 
the  instruments  so  far  described,  both  as  to  its  construction 
and  principle  of  operation.  This  is  the  eleetrostatle  volt- 
met4*r.  It  depends  for  its  action  on  the  principle  that  two 
ImkHcs  carrying  similar  static  charges  repel  each  other  and 
those  carrying  unlike  charges  attract  each  other.  Fig.  \\\ 
shows  the  construction  of  the  Stanley  ele(*trostatic  volt- 
meter. /?,  ^  and  C,  C  are  fixtnl  plates  mounted  on  a  hard- 
rubl>er  base.  These  plates  are  covered  with  a  hard-rubber 
covering  H  to  prevent  the  charge  from  leaking  olf,  also  to 
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obviate  any  danger  of  short-circuiting  betveen  the  vanes. 
^  is  a  movable  aluminum  vane,  to  which  is  attached  the 
pointer,  the  movement  of  which  is  counterbalanced  by  the 


spiral  spring  .9.  The  fixed  plates  Ji,  J>'  and  the  movable 
vane  j1  are  connected  together  and  f()rm  one  pole  of  the 
iiistnimcnt.  The  fixe<l  i)lati-s  T.  fare  onnne<^ted  together 
and  form  the  other  pole.     When  the  voltmeter  is  connected 
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to  the  circuit,  B  and  A  being  charged  alike  will  repel  t-ach 
other,  while  at  the  same  time  C  and  A  will  attract  each 
other,  with  the  result  that  the  vane  is  deflected  an  amount 
depending  on  the  pressure  of  the  circuit.  Two  plug  recep- 
tacles 7",  7"  are  provided  on  the  instrument,  in  addition  to 
the  regular  terminals,  so  that  it  may  be  compared  at  any 
time  with  a  standard  instrument.  The  movement  of  the 
needle  is  damped  or  steadied  by  the  vanes  F  moving  in  the 
[jartialty  closed  boxes  D. 

Other  types  of  electrostatic  instruments  are  made,  but 
they  all  work  on  about  the  same  principle.  They  do  not, 
of  course,  require  any  current  for  their  operation  and  can 
he  connected  across  high-pressure  lines  without  the  inter- 
vention of  a  potential  transformer. 

15.  Voltmeter  Hwitchef*  aii»l  Coiiiieetioiis. — It  has 
already  been  stated  that  it  is  customary  to  make  one  volt- 
meter answer  for  several  dynamos  or  circuits  by  using  a 


viiltmcter  switch  or  plug.  Fig.  ao  shows  mif  of  thi- simplest 
f'>rms  of  switch  used  for  this  purpose.  This  is  suitable  fur 
twodynamos,  and  its  method  of  optTalion  is  obvious  from  the 
figure.     The  voltmeter  is  connected  t<)  terminals  /  and  J, 
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and  the  dynamos  A,  B  to  3  and  6^  4  and  S.  Connection  is 
made  to  the  terminals  S^  4,  S,  6  by  means  of  the  spring 
contact  pieces  c\  d  that  are  attached  to  the  insulating 
cross-arm  F  and  rub  on  the  arcs  1  and  2,  In  position  <?, 
machine  A  is  connected  to  the  voltmeter,  and  in  position  H^ 


Pio.  Si. 

machine  B  is  connected.  Sometimes  voltmeters  are  con- 
nected by  means  of  a  flexible  cable  that  is  attached  to  a 
plug  that  may  be  inserted  in  receptacles  connected  to  the 
different  dynamos.  The  use  of  a  cable  is,  however,  some- 
what objectionable,  and  in  order  that  it  may  be  avoided, 

the  plugging  arrangement  shown 
in  Fig.  21  has  been  largely 
adopted.  A  pair  of  wires  a^  b  are 
connected  to  the  voltmeter  F, 
and  taps  are  run  from  these  to 
the  plug  receptacles  i,  1\  The 
different  dynamos  are  connected 
to  receptacles  '2^  2\  and  when  a 
voltmeter  rcadinj^  from  any  generator  is  desired,  a  plug  is 
inserted  into  the  receptacle  corresponding  to  that  generator. 
This  plug  is  arranged  somewhat  as  shown  in  Fig.  22,  and 
when  it  is  inserted,  it  connects  points  1  and  5,  1*  and  S! 
together,  as  indicated  by  the  dotted  lines,  Fig.  21. 

!(>•     I'ressure  WIih»s. —  In  most  cases,  it  is  necessary  to 

know  the  pressure  that  is  being  maintained  at  the  center  of 
distribution,  where  the  light  is  supplied,  rather  than  at  the 


Fig.  ts. 
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out  by  the  Westinghouse  Company,  is  designed  to  accom- 
plish this. 

10.    The  principle  on  which  this  compensator  operates  is 
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brirlly  as  t'i>!l<»ws:     The  K.  M.  F.  siipplinl  at   the  end  of  the 
liiU'  is  always  i-qiial  lo  I  he  rosiiliaiU  dillVrcncc  between  the 
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replaced,  care  should  be  taken  to  see  that  the  svitch  con- 
necting the  fuse  block  with  the  dynamo  is  open.  This  fuse 
block  is  suitable  for  currents  up  to  150  amperesat  2,S00  volts, 
and  is  the  type  of  fuse  shown  on  the  switchboard  in  Pig.  00. 
For  higher  pressures  fuse  blocks  are  used  in  which  the  fuse 
is  pulled  wide  apart  as  soon  as  it  blows,  thus  breaking  the 
arc. 

The  use  of  fuses  on  low-tension  lighting  switchboards  is 
not  as  common  as  it  once  was,  their  place  being  taken  by 
the  automatic  circuit-breaker.  ■   Fuses  are,  however,    used 


.^^irv. 


l:ir;rcly  for  nltcrnnliriK-currL-iit  Imards  and  also  for  protect- 
iiit;  iriilivi(iu;il  firruits  an  lnw -tension,  direct -current  boards. 
They  are  nut  as  omvcnient  or  reliable  as  circuit-breakers, 
because  it  takes  time  tn  replaee  them  when  they  blow,  and 
only  t'M)  (iften  they  are  rephiced  by  a  heavier  fuse  or  even  a 
copper  wire,  which  is  of  scarcely  any  use  as  a  protection. 
Ajtain,  fuses  of  the  same  sixe  do  not  always  blow  at  the 
same  current,  as  mucli  depends  .m  the  nature  of  the  fuse- 
bliK'k  terminals.      If  the  clamps  are  not  screwed  up  tightly. 
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In  order  to  indicate  grounds,  the  voltmeter  may  be  con- 
nected as  shown  in  Fig.  35  (a);  a  and  i  are  the  mains 
connected  to  a  two-point  switch;  c,  the  blade,  is  con- 
nected through  the  voltmeter  V  to  the  ground.  If  the 
line  a  should  become  grounded,  aa  indicated  by  the 
dotted  line,  and  the  switch  blade  placed  on  point  i,  no 
deflection  would  result.  If,  however,  the  blade  is  moved 
to  point  2,  current  will  pass  from  line  a  through- the  ground 
on  the  line  to  the  voltmeter  to  point  iP,  and  thence  to  the 
line  ^,  thus  completing  the  circuit.  When  a  deflection  is 
obtained  on  point  ^,  it  shows  that  line  a  is  grounded; 
and  when  obtained  on  point  i,  it  shows,  that  line  b  is 
grounded.  If  the  ground  is  of  high  resistance,  the  deflec- 
tion will  be  comparatively  small ;  if  of  low  resistance, 
the  deflection  will  be  large.  Many  direct-current  voltme- 
ters, for  example,  the  Weston,  require  that  the  current  shall 
flow  in  them  always  in  the  same  direction,  in  order  that 
they  may  give  a  deflection  over  the  scale.  In  Fig.  35  (a), 
it  is  easily  seen  that  the  current  will  flow  through  the 
voltmeter  in  the  opposite  direction  on  point  iS.from  what 
it  will  on  point  i,  hence  the  voltmeter  must  have  its  zero 
point  in  the  center  of  the  scale,  so  that  it  can  read 
either  wav. 

Most  voltmeters  have  their  zero  point  at  the  left-hand 
end  of  the  scale,  and  it  is  often  convenient  to  have  a  switch 
that  will  allow  the  ordinary  voltmeter  to  be  used  either  as 
a  voltmeter  or  ground  detector.  Fig.  35  (d)  shows  an 
arrangement  for  doing  this.  The  switch  ^'  is  similar  in  con- 
struction to  that  shown  in  Fig.  20,  but  the  connections  arc 
arranged  so  that  when  the  switch  is  in  the  position  1-1\  the 
voltmeter  /' is  connected  directly  across  the  line  and  gives 
the  voltage  on  the  system.  When  the  switch  is  in  the  posi- 
tion .;-./',  the  voltmeter  indicates  any  grounds,  such  as  C, 
that  may  be  present  on  line  /;.  When  .S'  occupies  the 
position  ?-?',  /'  indicates  grounds  on  line  a^  as  at  C.  By 
tracing  out  the  path  of  the  current  in  each  case,  the  student 
will  sec  that  the  current  always  flows  through  the  voltmeter 
in  the  same  direction. 
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will  zj^  r.  z.z.^'r.ed  acT-.«s&  Ifries  B.  C  and  lauB|»  /,  and  /,  will 
be  c -t  ou: :  /  i=.-i  /.  tzZI  tbttwocc  go  out,  and  /,  wiD  come 

np  to  foD  candlcpower. 


Mtufngi 


Pig.  37. 


If  a  ground  oocun 
at  Con  line  B^  lamp  /. 
willgoont  amd  /,,  /.will 
briglitcn  up,  but  will 
not  come  up  to  full 
candlepower  because 
two  of  therm  will  be  in 
series  between  ^and  C. 
If  there  is  a  ground 
at  <r"  on  line  A, 
all  the  lamps  will  come 
up  to  full  candlepower,  because  they  will  all  get  the  full 
voltage,  /,  being  across  A  B  and  /,,  /,  in  series  across  A  C 
It  is  thus  seen  that  a  ground  on  any  one  of  the  three  lines 
affects  the  lamps  differently,  so  that  by  noting  their  per- 
formance, the  line  on  which  there  is  a  ground  may  be  located. 

30,     The   g^round  detectors    just   described  apply  more 
particularly  t<>  low-tensicm  direct-current  installations,  but 

similar  a  r  r  an  j^e  - 
mcnts  inavbc  used 
on  altcrnalinj^-cur- 
ronl  systems  hv 
usinj^  ])<>  t  e  n  t  i  al 
transformers.  T'ijj^. 
iJS  shows  the  meth- 
od used  by  the 
AV  est  i  n  jj^  ho  u  se 
(*omi)any  on  some 
of*  their  alterna- 
t  i  n  )^-  -  e  u  r  r  e  n  t 
s\\  ileid)oards.  'i'he 
rei;td.»r  vohmeter 
/  ,  with  whieh  the  swilehhoard  is  ecjuipped,  is  here  used  also 
as  a  >;iovmd  deleeior.      /Ms  a  plu^  switeli  by  meansof  which 
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points  1  and  2  or  1  and  3  may  be  connected  together.  Under 
ordinary  conditions,  the  plug  is  in  1  and  ;?,  thus  connecting 
the  primary  of  the  potential  transformer  across  the  line, 
and  V  serves  as  an  ordinary  voltmeter.  S  is  a  key,  or 
push  button,  that,  when  pressed,  connects  one  side  of  the 
line  to  ground  through  the  transformer  primary.  If  there 
happens  to  be  a  ground  on  the  side  b,  as  shown  at  G\  the 
voltmeter  will  give  a  reading,  and  the  attendant  can  judge 
by  the  size  of  the  deflection  as  to  whether  the  ground  is  a 
serious  one  or  not.  The  path  of  the  current  is  d-G'-G-o-to 
primary-i-^-rt:.  By  placing  the  plug  in  points  1  and  S^ 
side  a  may  be  tested.  When  the  key  5  is  not  pressed,  the 
lever  5  is  against  contact  4,  so  that  V  is  connected  as  an 
ordinary  voltmeter. 

31,     A  ground  detector  that  is  suitable  for  high-tension 
alternating-current  systems  is-  shown  in  Fig.  39.     This  is 
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one  of  the  earlier  types  used  by  the  Westinghouse  Company, 
and  is  similar  in  principle  to  the  lamp  detector  shown  in 
Fig.  30.  The  only  difference  is  that  the  lamps  are  operated 
by  means  of  transformers  7\  T\  These  transformers  have 
their  primaries  connected  in  series  across  the  high-tension 
lines  and  the  middle  point  x  can  be  connected  to  ground 
through  the  key  K,  The  secondaries  are  connected  directly 
to  the  lamps  /,  /'.  If  line  b  is  grounded  and  K  pressed,  the 
primary  of  T  will  be  cut  out  and  lamp  /  will  go  out.  Lamp  /' 
will  brighten  up.     When  there  are  no  grounds  on  the  line, 


Oil.'  ^■l|l\  ■'(  iIh-  Kiilr  is  arranK<;d  so  that  it  may  be  connected 

I'j  <:ii  li.r  siili;  nf  tht:  circuit  through  switch  5,  and  the  other 
tiirl  /i  is  (i.jiiiritL'l  t'l  ihi;  ground.  A  tap  is  brought  from  a 
[I'linl  </aii(l  is  iniinittcd  to  the  lamp  /,  and  the  other  termi- 
liid  i.f  /  is   ci.nnitcii-d   to  the  ground.     Suppose  there   is   no 

Ki'iimd iihir   line   wirt.     Then   if  the  switch  is  put  on 

■  ■illiiT  |"iiiits  /  or  ..' the  lump  will  remain  dark,  because  no 
riHirni  will  lliiw  tlirciii^jh  c<iil  /i  ti)  the  ground.  If  there  is 
(I  jMMiind  1.11  Uii'  litic/:ind  ihe  switch  is  placed  on /,  then 
I  Ml  I.  Ill  will  Itnw  frnni/  i<i  the  griiund,  through  5,  and  back 
I'l  I  l>y  w;iy  nf  ilic  switch  and  jxiint  i.  This  current  will 
iMiinMcli/,r  llic  cnri-  and  set  up  a  counter  E.  M.  F.  in  coil  B. 
The  v.  M,  I-',  set  ii]>  ill  (he  portion  of  the  coil  d d  will  cause 
till  laiii|>l<>  nlow  and  thus  indicate  the  groimd.  If  thelamp 
tiloWM  when  iln-  swiidi  is  placcil  on  point  -',  it  indicates  that 
Hull'  IN  a  uromid  on  line  .i. 
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to  the  lines.  When  no  grounds  are  present,  1  and  4>  ^  and  S 
become  oppositely  charged  by  reason  of  charges  induced  on 
plates  a,  a'  by  plates  ii,  b'.  The  forces  acting  on  the  vane  V 
are,  therefore,  equal  and  opposite.  Now  suppose  that  line  ^ 
becomes  grounded  at  G".  This  is  equivalent  to  connecting 
vane  I^to  line  B\  V  takes  up  a  charge  similar  to  JS  and  A, 
hence  it  is  repelled  by  3  and  3  and  is  attracted  by  1  and  4, 


Fio. «. 
thus  Ruinp;  a  deflectinn.  If  A  bccomfs  groimded,  a  deflection 
in  thi-  oiniiisiu-  directiim  is  nlitatncd.  Instrnrnt-nts  of  this 
kin<I  i;m,  of  ouirse,  only  b(;  used  in  placfs  where  the  pressure 
is  fairly  hin;h,  as  the  clwtrastalii-  fi)rci's  [troduccd  by  charges 
due  til  low  iircssures  would  not  be  lar^je  eni)H(jh  to  oi)erate  an 
instrument  unless  it  were  made  much  (on  di-lieate  to  be  of 
praetieal  ust;  in  a  Ujrbt  i>r  power  sialinn.  In  most  electro- 
statie  detectors,  thi-  lim-s  arc  ronne.ted  direelly  t"  the  fixed 
sectors  J,  J,  j^  4  and  the  eondenscrs  C,  C  are  omitted. 
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part  of  this  current  will  flow  through  the  coil,  thus  draw- 
ing up  the  core  r  and  breaking  the  arc  between  e  and  A. 
The  fact  that  the  arc  also  takes  place  in  the  enclosed  tube 
tends  to  put  it  out.  As  soon  as  the  discharge  has  passed, 
the  core  drops  back  and  the  arrester  is  ready  for  the  next 
discharge.  This  arrester  is  very  simple  and  is  not  liable 
to  get  out  of  order.  The  spark  gap  should  be  examined 
now  and  then  to  see  that  it  has  not  become  enlarged  or 


WJ7J\^  To  Dynamo 
LA 


Xjjr    Grounc/ 
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blocked  up  in  any  way.  If  the  gap  becomes  too  long,  the 
lower  carbon  may  be  moved  up  a  little.  Sometimes  arrest- 
ers are  ronne(*ted  as  shown  in  Fig.  44,  as  this  arrange- 
ment gives  especially  gc^od  i)rotection.  Here  three  kicking 
coils  are  r(Minecte(l  in  series  and  a  lightning  arrester  is 
connected  in  ahrad  of  raoh  roil.  The  (larton  arrester 
mav  be  used  on  either  direct-current  or  alternating-current 
circuits. 

*M\.  Wostln«]ioiis<»  Arrc»stor. — Fig.  45  shows  the  form 
of  the  Westinghouse  arrrster  that  is  used  on  direct-current 
circuits.  This  arresttT  has  no  movable  parts,  and  the 
arc  is  extingiiisluMl  by  smothering  it  in  a  confined  space. 
Two  terminals  l\  b  are  mounted  on  a  lignum-vita?  block 
and  art*  scparatrd  by  a  space  somewhat  less  than  \  inch. 
This  spaie  is  crossed  by  a  number  of  charred  grooves, 
so  that  although  the  resistance  in  ohms  between  the  ter- 
minals is  very  high,  yet  the  lightning  will  readily  leap 
across   the   space.      Thi'    block    A    is    covered   by   a  second 
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the  gaps  between  the  cylinders  and  passes  to  the  giound. 
It  is  claimed  that  the  arc  does  not  hold  over,. because  the 
gases  formed  by  the  volatilization  of  the  metal  will  not  sup- 
port an  arc.  The  cylinders  are  made  of  what  is  known  as 
non-arcing  metal.  Others  claim  that  the  suppression  of  the 
arc  is  due  to  the  cooling  effect  of  the  cylinders  and  the 
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altcrnaliii}^  iiaturi'  of  the  current .     The  arc  will  be  destruc- 
tive if  these  arresters  are  used   on  ilirect-current  circuits, 
hut    it    will   not   ])e  niaintaiiu'd  on  alternating-current  cir- 
euits.       The    arresters    should  he   examined    from    time  t*^ 
time    and    the   eylinders   rotated   slij^htly  so  that  they  "^^ 
present    fresh    surfaces  to  each  other.       Fig.  52  shows  the 
method  of    connecting    these    arresters   on    1,000-volt   and 
\»,n(M)  vt>jt  circuits. 

!<>•  (fCMii^nil  KhH'trIc*  ArrosttM*  for  Alt^matto^ 
C'liritMil.  VW.  W'\  shows  an  arrester  used  bv  the  GeneT^ 
ICIeciiic  I'omii.mv  Inr  alti'maliiiij-current  i:ircuits.  It  "** 
sonu'what    similar   tt)    the    Wurts    arrester    just    descril 
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movable  core  arranged  so  that  the  magnetic  flux  passing 
through  the  secondary  can  be  made  to  vary.  Both  these 
methods  afford  a  means  of  obtaining  regulation  by  more 


gradual  steps  than  can  be  obtained  with  the  Stillwell  regu- 
lator. Potential  regulators  are  usually  placed  at  some 
point  convenient  to  the  switchbi)anl,  and  in  some  cases  the 
operating  handles  are  mounted  on  the  board  itself  and  are 
geared,  by  chains  and  sprocket  wheels,  to  the  regulator. 

J.  m.—n 
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USE   OF   STORAGE   BATTERIB8  AX  UGHTIKG 

PLANTS.       / 

S6«  Within  the  last  8  or  10  years,  the  use  of  storage 
batteries  in  connection  with  lighting  plants  has  steadily 
increased,  for  the  advantages  to  be  gained  from  its  use  are 
so  great  that  many  of  the  largest  stations  in  the  country 
are  now  equipped  with  them.  The  load  on  all  lighting 
plants  is  a  variable  one.  During  the  day  the  load  may  be 
very  light,  while  for  a  few  hours  in  the  evening  it  may  run 
up  to  a  large  amount.  As  this  period  of  maximum  load  is 
generally  of  not  more  than  2  or  3  hours'  duration,  it  is  evi- 
dent that  if  no  means  of  storing  electrical  energy  were  pro- 
vided, the  plant  would  have  to  be  equipped  so  as  to  handle 
this  maximum-current  supply.  The  result  would  be  that 
the  larger  portion  of  the  machinery  in  the  plant  would  be 
idle  for  the  greater  part  of  the  day,  and,  therefore,  would 
represent  so  much  investment  that  would  not  be  earning 
anything. 

57.    The  storage  battery,  as  an  auxiliary  in  a  lighting 

stiition,  may  be  used  in  a  number  of  different  ways: 

1.  It  may  be  used  to  carry  the  **  peak  "  of  the  load ;  i.  e., 
it  may  be  used  to  help  out  the  dynamos  during  the  interval 
when  the  load  is  heavy,  for  it  can  be  charged  during  the 
daytime,  when  the  demand  on  the  dynamos  is  light. 

2.  It  may  be  used  to  carry  the  whole  load  of  the  station 
durinj;'  intervals  of  liji^ht  load,  thus  allowing  the  generating 
plant  to  be  shut  down  for  repair  and  inspection. 

',\.  Batteries  may  be  installed  in  substations  in  districts 
where  a  larj»;e  amount  of  lijj^ht  is  used.  These  batteries  may 
be  chary^ed,  durinjj^  the  daytime,  from  the  central  station, 
when  {he  hxid  on  the  main  feeders  is  light,  and  thus,  when 
the  heavy  K^ad  comes  on  in  the  evening,  they  are  able  to 
relieve  the  main  feeders  by  takinvj:  up  a  part  of  the  lighting 
service.  The  use  oi  storage-battery  substations,  therefore, 
allows  many  more  lamps  to  be  supplied  without  the  neces- 
sity oi  laying  more  feeders. 
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60,  Battery  Carrying:  Whole  Ijoad  on  Station. — The 

curve,  Fig.  68,  shows  the  load  curve  for  the  same  station  as 
that  shown  in  Fig.  67.  This  curve  represents  the  load  on  a 
Sunday,  and  the  load  is  very  light  compared  with  that 
shown  in  Fig.  67,  because  this  station  supplies  a  business 
district.  It  is  seen  thaf  the  generating  plant  is  shut  down 
altogether  from  12.30  a.  m.  to  2  p.  m.,  thus  giving  an  oppor- 
tunity for  inspection  or  repair  and  allowing  the  station  to  be 
run  with  a  small  force  of  men.  When  the  generators  are 
started  up  at  2  p.  m.,  the  batteries  are  charged,  as  shown  by 
the  single-shaded  area,  thus  allowing  the  generators  in  use 
to  be  run  at  more  nearly  their  capacity,  instead  of  on  a  light 
load  only. 

61.  Battery  Supplying  Current  From   Sul>statlons. 

The  use  of  storage  batteries  in  this  connection  will  be  under- 
stood   by    referring   to    Fig.    09,    where   A    represents   the 
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central  station  and  C  one  of  the  substations.  The  three- 
wire  system  is  here  shown,  as  this  is  the  one  most  largely 
used  in  distribution  of  this  kind.  The  network  of  lamps  fed 
from  the  substation  C  is  represented  by  D.  Now  the  load 
of  lamps  represented  by  D  may  be  much  in  excess  of  what 


bution  is  high  and  the  battery  is  charged.  When  the  load 
is  heavy,  the  pressure  at  the  center  of  distribution  falls  off 
and  the  battery  discharges. 


BATTEItV  EQUTPMKST  FOR  LIGIITING  PLANTS. 

02.  CaiMiolty  Heunlred.— The  capacity  of  the  battery 
that  should  be  installed  in  any  given  case  must  be  deter- 
mined wholly  by  local  conditions,  and  depends  very  largely 
on  the  nature  of  the  load  that  the  station  carries.  It  also 
depends  on  the  way  in  which  the  battery  is  to  be  used.  The 
only  intelligent  way  to  arrive  at  the  capacity  required  is  to 
lay  oat  a  number  of  load  curves  for  the  station  in  question, 
similar    to   that    shown   in    Fig.    (j7.     By   doing    this,  the 


tery  may  be  made  a  very  valuable  auxiliary,  especially  in 
large  lighting  plants.  It  must  be  remembered,  however, 
that  such  batteries  are  expensive,  and  the  question  as  to 
whether  it  will  pay  to  put  them  in,  in  any  given  case,  is  a 
thing  that  must  be  looked  into  carefully.  In  large  city 
stations,  it  no  doubt  does  pay,  as  is  shown  by  the  large 
number  installed.  In  smaller  plants,  where  they  cannot  . 
receive  the  same  amount  of  skilled  attention  that  they  do  in 
the  larger  ones  and  where  the  load  handled  is  not,  at  best, 
very  large,  it  may  often  pay  better  to  install  a  larger  genera- 
ting capacity  than  to  use  a  battery. 
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between  carbon  and  copper  or  carbon  and  platinum,  the 
ciirlion  in  both  cases  being  used  for  the  upper  or  positive 
cU'c-l ifwU',  as  the  terminals  are  often  called,  and  the  cop- 
per or  platinum  for  the  lower  electrode.  This  arrange- 
ment has  been  used  in  a  few  isolated  cases.  For  example, 
an  upper  positive  carbon  and  lower  copper  electrode  have 
been  used  in  one  form  of  locomotive  headlight.  It  is  im- 
portant when  this  arrangement  is  used  to  see  that  the 
upjier  carljon  is  connected  to  the  jxisitive  pole  of  the  dy- 
namo, so  that  the  current  flows  from  the  carbon  to  the 
copper.  If  it  flows  the  other  way,  the  copper  or  platinum 
electrode  will  so<m  be  burned  away. 

."{.  After  the  carbons  have  been  separated  for  a  time 
they  lake  on  the  ajipcarancc  shown  in  Pig.  3.  This  repre- 
si'iils  an  o].cn  arc,  or  an  arc  formed  in  the  open  air,  as 
disliuyuished  from  one  that  is  formed   in  a  confined  space 
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7.  Current. — Ordinary  direct-current  open-arc  lamps 
are  usually  operated  with  current  ranging  from  6  to  10  am- 
peres. Very  common'  values  for  the  cur- 
rent are  6.6  amperes  for  lamps  giving' 1,300 
nominal  candlepower  and  9.6  amperes  for 
those  giving  2,000  nominal  candlepower. 
The  exact  value  of  the  current  is  differint 
in  lamps  of  various  makes,  but  whatever  it 
may  be,  it  is  essential  that  it  be  maintained 
at  a  constant  value  if  the  lamps  are  to  work 
properly.  If  the  current  becomes  larger 
than  that  for  which  the  lamps  are  designed, 
they  will  overheat  and  the  carbons  will 
flame  badly  and  the  service  will  be  generally 
unsatisfactory.  Open-arc  lamps  may  also 
be  operated  with  alternating  current,  but 
they  are  not  as  satisfactory  as  those  using 
direct  current  either  as  regards  light-giving  properties  or 
general  performance.  In  the  case  of  the  open  alternating- 
current  arc,  both  carbons  become  pointed  or  have  very  small 
crater-s,  so  that  the  light  is  thrown  upwards  much  more 
than  with  the  direct-current  lamp.  Also,  since  the  current 
flows  alternately  in  opposite  directions,  the  rate  of  con- 
sumption of  the  two  carbons  is  more  nearly  equal.  Fig.  4 
shows  the  general  form  of  the  carbons  with  an  open  alter- 
nating-current arc. 


Fig.  4. 


ENCLOSED  AIM'S. 

8.  Coneral  Doscrlption. — So  far  all  that  has  been  s;iid 
with  regard  to  the  electric  arc  relates  to  arcs  set  up  between 
carbon  points  placed  in  the  open  air.  Within  a  compara- 
tively recent  date,  enclosed  arcs  have  been  coming  into 
extensive  use,  and  bid  fair  to  take  the  place  of  the  open  arc 
altogether.  The  enclosed  arc  differs  from  the  ordinary  open 
arc  in  that  it  is  surrounded  by  a  small  globe  that  practically 
excludes  the  air.  Fig.  5  shows  the  general  arrangement  of 
the  carbons  and  the  enclosing  globe.     G  is  a  glass  bulb  from 


depending  on  the  design,  without  renewing  the    carbons. 
The   bulb    in    time  becomes   coated   with  a    light-colored 
deposit,  sometimes  mixed  with  a  little  ( 
principally  from  impurities,  such  as  si! 

does  not  cut  off  the  light  to  any  great 
allowed  to  become  too  thick.  If  the  cur 
the  lamp  is  excessive,  the  globes  will  b 
even  melted.  It  is  not  usually  advisabU 
more  than  120  hours,  as  the  deposit  bee 
cut  off  a  considerable  amount  of  light. 

10.     Consumption     of    Carbons.  — 

striking  features  of  the  enclosed-arc  la 
sumption  of  the  carbons.  This  is,  of 
absence  of  oxygen  in  the  enclosing  chaml 
nary  open  arc  the  positive  carbon  is  bi 


or  is  usually  placed,  as  fio.  8- 

shown  at  r,  to  throw  the  rays  of  the  arc  that  would  ordi- 
twards  back  towards  the  main  reflector, 
ground-glass  silvered  mirror  is  used  in  the 
United  States  Navy,  but  for 
ordinary  commercial  work 
the  Mangin  mirror  is  used,  as 
it  is  cheaper  and  easier  to 
make.  It  is  a  glass  mirror 
having  two  spherical  sur- 
faces A,  B  oi  different  radii, 
as  shown  in  Fig.  9.  The 
back  surface  A  is  silvered 
and   the   rays   are    reflected 
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allows  the  greater  part  of  the  crater  in  the  end  of  5  to  be 
exp>osed. 

16,  Composition  of  Carbons. — Carbons  used  for  ordi- 
nary open-arc  lamps  in  America  are  composed  principally  of 
petroleum  coke.  This  is  made  from  the  residue  left  from 
the  distillation  of  petroleum.  It  is  ground  up  and  mixed 
with  a  binding  material,  such  as  tar,  or  a  similar  substance, 
and  is  then  molded  into  rods.  Sometimes  the  rods  are 
made  in  molds  under  a  heavy  pressure,  but  more  frequently 
they  are  made  by  forcing  the  material  through  dies.  The 
rods  are  then  gradually  dried  and  afterwards  baked  or  fired 
at  a  high  temperature.  Gas-retort  carbon  has  also  been 
used  for  the  manufacture  of  arc-light  carbons,  the  exact 
composition  used  varying  with  different  makers. 

17.  For  enclosed-arc  lamps  a  very  much  finer  quality  of 
carbon  is  required  than  for  the  open-arc  lamp.  If  the  car- 
bons used  in  these  lamps  are  at  all  impure,  the 
impurities  become  volatilized  and  are  deposited  on 
the  inner  globe.  Enclosed-arc  carbons  are,  there- 
fore, made  principally  of  lain])black,  which  is  prac- 
tically ])iire  carbon,  and  are  considerably  more 
expensive  than  the  ordinary  carbons  made  from 
petroleum  coke.  They  must  be  straight  and  of 
uniform  diameter,  otherwise  they  will  not  pass 
through  the  c^ip  of  the  enclosing  globe  properly. 

The  tenden(  y  of  the  arc  to  wander  around  the 
ends  of  the  carbons  has  already  been  mcntitmcd. 
This  is  especMally  the  case  with  alternating  current, 
and  in  order  to  hold  the  arc  in  the  center,  cored 
carbons  are  usetl.  Fig.  I'i  shows  a  cored  carbon; 
it  is  so  called  from  the  core  n  running  through  it. 
A  NUiall  hole  runs  through  the  center  of  the  carbon, 
and  this  is  lilled  with  a  much  softer  material  than 
the  surrounding  ])art.  Some  makers  use  cored  car- 
bons for  both  the  -|  an<l  the  —  electrodes  (»f  alternating-cur- 
rent lamps,  while  others  use  them  for  the  -j-  electrode  only. 


Fio.  u. 


the  former  tends  to  throw  its  light  to  a  greater  extent 
above  the  horizontal,  and  by  using  the  reflector  this  light 
can  be  thrown  downwards  and  utilized. 

30.  Open-Arc  IHrect-Ciirrent  Iiaiiips.— The  distribu- 
tion of  light  from  an  ordinary  open-arc  lamp  is  about  as 
shown  in  Fig.  i;(.  This  represents  the  variation  in  the 
intensity  of  the  light  at  different  angles  above  and  below 
the  horizontal  line  passing  through  the  arc  that  is  located 
at  a.  The  distance  from  a,  measured  along  the  radius  at 
any  given  angle,  is  proportional  to  the  candlepower  of  the 
lamp  when  viewed  from  that  position.  For  example,  the 
light  reaches  its  greatest  intensity  at  a  point  about  45°  below 
the  horizontal  and  then  rapidly  diminishes  on  both  sides  of 
this  point.  Directly  above  or  below  the  arc  there  is,  of 
course,  little  or  no  light,  as  the  arc  is  obscured  by  the  frame 
of  the  lamp  and   the  carbons  theinsclvcs.      The  open  arc 
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throws  out  comparatively  little  light  in  the  horizontal  direc- 
tion, and  the  quantity  of  light  thrown  upwards  is  small. 
It  is  thus  seen  that  the  plain  open-arc  lamp  using  a  direct 
current  as  it  stands,  without  any  reflector  and  with  simply 
a  clear-glass  globe,  gives  a  good  distribution  of  light  for 
street  lighting  because,  on  account  of  the  formation  of  the 
crater  in  the  upper  carbon,  it  throws  the  bulk  of  its  light 


downwards  at  an  angle  of  about  45°,  where  it  is  most  needed. 
This  is  one  of  the  reasons  why  the  direct-current  open-arc 
lamp  has  proved  so  successful  for  street  lighting.  If  the 
deep  shadows  directly  under  the  lamp  are  objectionable, 
they  may  be  softened  by  using  a  clear  globe  with  the  lower 
half  ground. 

21.     Open-Ajro    Alternatlntr-Ciirrent    lAmpR.  —  The 

distribution  from  an  alternating-current  open-arc  lamp  is 
not  of  much  practical  importance  because  these  lamps  are 
now  seldom  used.  It  is,  however,  instructive  to  compare  it 
with  Fig,  13.  Fig.  14  shows  the  general  distribution  from 
an  alternatiDg-current  open  arc,  as  determined  by  Uppen- 
born.     It  will  be  noticed  that  a  great  deal  of  the  light  is 
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circuits.     Curve  A  shows  the  distribution  when  the  lamp  is 
provided  with  an  opalescent  inner  globe  only;  there  is  no 
larger  outer  globe.     The  student  should  compare  this  curve 
with  that  shown  in  Fig.  13  for  the  open  arc.     It  will  be 
noticed  that  with  the  enclosed  arc,  the  light  is  of  fairly  large 
intensity  through  a  considerable  angle  below  the  horizontal. 
In  this  case,  the  maximum  value  is  approximately  3110  candle- 
power    and     occurs     about     i 
30°    below   the    horizontal. 
This     is    considerably    less 
than  the  intensity  given  by 
an  open  arc,  at  about  40  to 
45"    below    the    horizontal, 
but  the  light  from  the  latter 
falls  off  very  rapidly  on  each 
side  of  the  maximum  point, 
whereas  in  the  enclosed  arc 
it  is  fairly  well  maintained 
through  a  considerable  an- 
gle.    Curve   B   shows    the 
distribution  when  the  lamp 
is    provided    with    a    clear 
outer  globe  in  addition  to 
the  inner  opalescent  globe. 
The  effect  is  to  slightly  cut 
down    the    intensity    as    a 
whole.     Curve  C  shows  the 
effect    of    using    an    outer 
opalescent  globe.     It   is 
easily  seen  that   the  effect     , 
is  to  make  the  light  approx- 
imately uniform  in  all  directi 
cutting  it  down. 

The  distribution  of  light  from  an  enclosed-arc  lamp  is  sub- 
ject to  considerable  variation.  It  depends  to  some  extent 
on  the  shape  of  the  enclosing  globe  and  also  on  the  thickness 
nf  deposit  on  it.  It  also  depends  on  the  position  of  the  arc 
ia  the  enclosing  globe. 


at  the  expense  of  greatly 
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S*t.    Kiiflosed-Arc  Altcniutlnir-Curront  Iiainpet — The 

direct-current  lamp  gives  a  better  distribution  for  street 
lighting  than  the  enclosed- 
a  r  c  alternating-current, 
and,  on  the  whole,  the  lat- 
ter is  not  quite  as  efficient 
as  the  direct-current.  If, 
however,  full  benefit  is 
to  be  obtained  from  the 
light  given  by  the  alter- 
nating-current enclosed 
arc,  a  reflector  of  some 
kind  must  be  used.  This 
is  shown  by  the  curves  in 
Fig.  111.  Curve  A  repre- 
sents the  distribution  from 
an  en  closed- a  re  alterna- 
ting-current lamp  that  has 
an  opalescent  inner  globe 
and  a  clear  outer  globe. 
It  will  be  noticed  that  a 
iarpe  quantity  of  light  is 
thruwn  abine  the  horizon- 
tal, as  in  the  case  of  the 
open-arc  alternating-oiir- 
ri-nt  lamp.  Curve  £7 shows 
''"'■  '"■  the  liistribution  when  the 

saini-  lamp  is  |>rovided  with  a  rctlcitor.  The  curves  sh<m- 
Ik.w  the  lijjht  that  w.nild  i.rdLiiarily  be  thruwn  upwards 
anil,  hf-ncL-,  wnulil  lit-  of  litllL-  or  no  use  f..r  street  illuniinu- 
tiun,  is  made  available.  Thus  equipped  with  a  reflectiir, 
tin-  alUTualLiig-curreut  arc  makes  a  lieUer  showing  against 
the  direi't-current.  The  altcrnatini;-currcnt  enclosed  arc 
equipped  with  a  retk-clur  is  rapidly  tiudini;  favor  as  a  street 
illuminant,  ihoujrh  it  may  not  !«■  quite  as  efficient  as  the 
direi't-current  are;  its  usi-  in  many  eases  so  simplifies  the 
outlit  reipiired  at  llie  station  that  the  slijrht  difference  in 
tile  cllieieney  of  the  lamps  themselves  is  mine  than  made  up. 


the  cotistruction  uf  the  lamp  and  on  the  conditions  under 
which  it  is  used.  For  example,  when  direct -current  lamps 
are  operated  on  110-volt  direct-current  circuits,  it  is  neces- 
s;iry  to  have  a  resistance  in  series  to  take  up  the  voltage 
over  and  above  the  80  volts  required  by  the  arc,  and  even 
if  the  line  voltage  were  suited  to  that  of  the  arc,  a  resist- 
ance would  still  be  necessary  to  make  the  lamp  regulate 
properly,  as  will  be  explained  later.  The  waste  in  this 
resistance  may  amount  to  as  much  as  140  or  150  watts,  and 
this  lowers  the  general  efficiency  of  the  lamp.  When  lamps 
are  operated  in  series,  this  resistance  is  not  necessary  and 
the  waste  in  the  lamp  is  less.  An  ordinary  series  open-arc 
lamp  requires  about  1.2  watts  per  spherical  candlepower, 
A  direct-current  enclosed  arc  requires  about  1.8  watts 
per  spherical  candlepower,  nut  countinj;  the  power  lost 
in  the  resistance.     If  a  resistance  is  used,  as  in  the   case 
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for  the  open,  because  the  light  is  much  softer  and  steadier 
and  the  shadows  are  not  so  deep.  As  has  already  been 
pointed  out,  the  enclosed  arc  is  cheaper  to  look  after  on 
account  of  the  long  life  of  the  carbons,  and  for  this  reason 
it  is  replacing  the  older  style  of  lamps. 

The  preceding  figures  relating  to  arc  lamps  are  here 
placed  in  the  form  of  a  table  (Table  I),  for  convenient 
reference. 

28,  The  number  of  arc  lamps  required  to  illuminate  a 
given  space  varies  greatly  and  it  is  difficult  to  give  any 
definite  figures  on  this  subject.  Enclosed-arc  lamps  are 
now  largely  used  for  the  interior  illumination  of  mills  and 
factories.  The  light  from  these  lamps  is  steady  and 
agreeable,  and  if  they  are  provided  with  light  opal  globes 
or  reflectors,  a  very  even  illumination  may  be  obtained. 
In  textile  mills,  the  illumination  must  be  very  good  ; 
hence,  more  lamps  are  needed  per  unit  of  floor  area  than 
would  be  required,  for  example,  in  a  foundry.  Table  II, 
based  on  values  given  by  Uppenborn,  will  give  a  gen- 
eral idea  as  to  the  space  that  may  be  illuminated  for 
each  450-watt  lamp  used. 

TABLK    II. 


SPACE  ILLUMINATED  BY  ARC  LAMPS. 


Space  to  be  Illuminated. 


Outdoor  areas 

Train  sheds 

Foundries  (general  illumination) 

Machine  shops 

Thread  and  cloth  mills 


Square  Yards 

per 

450- Watt  Lamp. 


2,000-2,500 

1,400-1,600 

600-800 

200-250 

200-230 


/,  /'  represent  the  terminals  of  the  lamps,  and  are  marked  -f- 
and  —  In  distiiinuiiih  thtm  from  each  other.  The  current 
lluws  throujih  the  lamps  in  the  direi-lion  indicated  by  the 
arrows.      The  -f    terminal  should  in  e;ich   case  connect   to 


that  were,  at  best,  not  very  efficient.  To  overcome  this,  the 
so-called  imiltlclrciilt  machines  were  brought  out,  which 

are  capable  of  operating  1:15  to  150  lights.  The  construction 
of  arc  dynamos  has  also  been  perfected  to  such  an  extent 
that  machines  are  now  built  capable  of  operating  150  lights 
on  a  single  circuit. 

33,  Multicircuit  Series  Mnciiines. — Multicircuit  ma- 
chines arc  of  two  kinds,  namely,  those  in  which  there  are 
two  or  mnri;  circuits  in  series  and  those  in  which  there 
are  two  or  more  circuits  in  parallel.  The  later  styles  of 
Hrush  machine  are  examples  of  the  first  kind.  The  new 
tyi>e  of  Western  Electric  machine  is  an  example  of  the 
sccimd.  The  simple,  or  older,  type  of  Brush  arc  dynamo 
liiis  already  Iieen  explained.  The  newer  and  larger  style 
is  cjf  ihe  mullipolar  lyi)e,  but  is  similar  in  principle  to  the 
rilil  iwv'-pnlc  niachinc.  The  jirincipal  difference  is  in  the 
arranj;ciiii.'iit  of  the  circuit  connections. 
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Suppose  that  A  and  B  represent  two  of  the  commutators 
of  a  Brush  machine.  In  the  older  machines  they  were  con- 
nected in  series,  as  shown  in  Fig.  18  {a),  across  a  single 
circuit.  The  voltage  between  the  terminals  of  the  circuit 
l-'2  will  therefore  be  equal  to 
the  sum  of  the  voltages  gen- 
erated in  the  sections  of  the 
armature  A  and  B,  Suppose, 
however,  that  two  series  of 
lamps  are  arranged  as  shown 
in  Fig.  18  {b).  Here  we  have 
the  same  number  of  lamps  con- 
nected in  series  as  before,  but  t 
they  are  divided  into  two  cir- 
cuits 1-2  and  S-J^,  and  the  pres- 
sure between  points  i,  2  is  just 
one-half  what  it  was  before, 
because  there  are  only  one-half 
as  many  lamps  connected  be- 
tween i,  2  that  there  were  in 
the  previous  case. 


L 


The    whole    object    of     this  ''t 

\ 


») 


I 
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arrangement  is  to  allow  a  large 
number  of  lamps  to  be  oper-  t 
ated  in  series,  without  intro- 
ducing extremely  high  pressures 
on  the  line  and  dynamo.  This 
may,  perhaps,  be  more  clearly 
understood  by  taking  the  ex- 
ample shown  in  Fig.  19.  It 
would  not  be  necessary  to  use  a  multicircuit  arrangement 
for  as  small  a  number  of  lights  as  10,  but  it  will  serve  to 
illustrate  the  point.  Allowing  50  volts  per  lamp,  so  as  to 
include  the  line  drop,  we  would  require  500  volts  for  oper- 
ating the  single  circuit  in  Fig.  }H  (a).  We  can  therefore 
represeat  the  fall,  or  drop,  in  pressure  fr<^»m  the  -f-  to  the  — 
terminal  of  the  machine  as  indicated  in  Fi^.  19  (a).  Each 
section  of  the  armature  generates  --^50  volts,  and  as  these 
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are  connected  directly  in  series,  ve  have  500  volts 
the  circuit- 
In  tbe  second  case,  ve  have  the  state  of  affiuis  Atamn  in 
Fig.  1^  i^).  SnppriSie  that  wc  take  the  point  i  as  a  starting 
point  and  assume  that  h  is  at  zero  potcntiaL  The  anna- 
ture  section  A  raises  tbe  pressure  to  tSO  volts,  so  that  there 
is  a  difiference  in  pressure  of  toO  volts  hctireen  points  J  and  /. 
The  current  then  posses  through  the  rifcnit  ^4  containing 


■i^ 


1 


F:g.  :.\ 


^ 


5  lamps.  an<l  the  pressure  dr*  .j»> .  .iT  as  indicated.  Armature  B 
again  raises  the  pressure  'lh<^  v»its,  s«»  as  to  operate  the 
5  lamps  in  circuit  2-1. 

It  IS  thus  seen  that  the  multicircuit   arranpfement  shown 
in   Fig.   is   (b)  operates  the  same  nuiuber   of   lights  as  in 
Pig.  18  {a),  and  the  maximum  pressure  between  the  termi- 
nals of  the  dynamo  or   between  the  terminals  of   either  of 
'^-  circuits  is  just  one-half  that  in  the  sin^Me-circuit  scheme 
^»^tion.      If,   however,  the    circuit    is   oi>ened    at  any 

\  the  pressure  at  the  break  will  at  once 


shown,  when  it  is  wished  to  ccintro!  the  lamp  from  a  dis- 
tant point.  Of  ciiurse,  the  switch  is  arranged  to  open  the 
circuit  through  the  lamp,  and  not  short-circuit  it,  as  when 
cutting  out  a  series  lamp. 

Fiff.  'il  shows  the  lamps  connected  to  an  ordinary  110-volt 
direct -cur  rent  system.  By  iisiny;  lamps  with  a  slightly  dif- 
ferent nu-chanism,  they  may  booperated  from  the  secondary 
of  a  transfiirmer.  as  shown  in  Fig.  2'J.  When  arc  lamps  are 
operated  from  constant-potential  direct-current  mains,  it  is 
necessary  to  oimnect  a  resistance  r,  Fig.  20,  in  series  with 
the  are.  This  is  necessary  for  two  reasons.  In  the  first 
place,  the  lamps  will  not  regulate  well  without  it,  and  in 
llie   heeonil  place,    the  voltages  used   oii    constant-potential 
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circuits  are  usually  considerably  higher  than  the  voltage 
retiuired  by  a  single  arc  lamp,  so  that  the  excess  voltage 
must  t)e  taken  up  in  a  resistance. 

If  an  arc  lamp  were  connected  directly  to  constant-poten- 
tial mains,  without  the  intervention  of  any  resistance,  its 
action  would  be  unstable.  If  the  current  flowing  through 
an  arc  increases,  the  resistance  of  the  arc  decreases,  because 
the  increased  current  causes  the  cross-section  of  the  arc  to 


//^i^avj 


.«-■ 


Fig.  21. 

increase.  On  the  other  hand,  if  the  current  decreases,  the 
resistance  of  the  arc  increases.  The  consequence  is  that  if 
the  constant  voltage  of  the  mains  was  just  equal  to  that 
required  by  the  arc  and  if  the  current  through  the  arc 
should,  for  any  reason,  decrease  a  little,  the  resistance 
offered  by  the  arc  would  at  once  increase,  thus  causing  a 
further  decrease  of  current  and  increase  of  resistance,  with 
the  result  that  the  arc  would  go  out.  On  the  other  hand,  an 
increase  of  current  would  result  in  a  decrease  of  resistance, 


JtK.  No  matter  what  type  of  lamp  is  used,  it  must  be 
arranyt'd  so  that  the  carbons  may  be  kept  apart  at  the 
proptT  distance.  In  a  few  special  cases,  as,  for  example,  in 
some  searchlights  or  projection  lamps,  this  is  accomplished 
by  hand.  In  all  commercial  lighting  work  the  lamp  must 
be  provided  with  a  mechanism  that  will  feed  the  carbons 
together  as  they  arc  consumed.  In  most  cases,  the  lower 
carbon  is  fixed  and  the  top  one  is  fed  diiwn  in  such  a  way  as 
to  keep  the  arc  of  the  proper  length.  When  the  upper  car- 
bon is  released  by  the  lamp  mechanism,  it  is  fed  down  by 
the  attraction  of  gravity.  Gravity  is  therefore  the  pro- 
pelling power  in  most  lamps,  and  the  whole  lamp  mecha- 
nism is  essentially  a  d<.'vico  first  to  separate  the  carbons 
and  start  the  arc  and  then  tu  release  the  carbon  and  allow 
it  to  fe-id  down  at  the  proper  time.     This  feeding  must  be 


connected. 

40.  When  the  current  is  off,  d  comes  down  against  y 
and  is  tilted  so  that  r  slides  through  until  ^  strikes  A.  As 
soon  as  the  current  is  turned  on  by  closing  switch  w,  the 
core  c  is  at  once  sucked  up  to  the  full  limit  for  which  the 
lamp  is  adjusted.  As  soon  as  c  moves  up  d  tilts,  as  shown 
in  the  figure,  and  grips  c,  thus  raising  g  and  striking  or 
starting  the  arc.  As  the  carbons  burn,  the  arc  gradually 
becomes  longer  and,  consequently,  the  resistance  of  the  lamp, 
as  a  whole,  increases.  One  fact  that  must  not  be  lost  sight 
of  is  that  this  lamp  is  connected  in  multiple  across  a  constant- 
potential  circuit;  hence,  as  the  arc  lengthens,  the  current 
through  the  lamp  is  bound  to  decrease,  no  matter  what 
current  the  other  lamps  on  the  same  circuit  may  be  taking. 
The  result  is  that  as  the  arc  gets  longer,  i'  becomes  weaker 
because  of  the  smaller  current  and  c  lowers  a  little.    When  C 
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has  moved  a  short  distance,  d  comes  in  contact  with  /*,  and 
as  c  drops  still  farther,  d  is  tipped  a  little  and  allows  rod  <•  to 
slide  through.  As  soon  as  the  carbons  come  nearer  together, 
the  current  at  once  increases,  c  is  pulled  up,  and  the  rod  is 
held  until  the  current  becomes  small  enough  to  allow  it  to 
feed  again.  In  this  way  the  carbon  is  fed  down,  a  little  at 
a  time,  and  the  feeding  is  brought  about  by  the  decrease  of 
the  current  due  to  the  increase  in  the  length  of  the  arc.  It 
is  thus  seen  that  the  regulation  of  a  constant-potential  lamp 
may  be  brought  about  by  the  use  of  a  simple  series  solenoid, 
or  magnet,  and  as  a  matter  of  fact  the  mechanism  of  tliese 
lamps  is  very  simple;  some  of  the  modern  enclosed-arc 
lamps  have  but  little  more  mechanism  than  that  indicated 
in  Fig.  24. 


SERIES-AKC  liAMPH— C>I»KN  WW. 

41,  When  we  come  to  consider  the  regulatir>n  of  seriejj- 
arc  lamps  and  the  mechanism  necessary  for  their  operation, 
we  have  a  different  problem  to  deal  with.  In  the  firnt  place, 
when  lamps  are  run  in  series,  the  current  is  alwayn  inaifi- 
tained  at  a  constant  value,  or  it  should  be  if  the  ngulntor 
on  the  dynamo  works  properly.  It  is  evident,  then,  that  a 
series  magnet  alone  is  not  able  to  do  the  regulating,  ber;iuHe 
its  pull  remains  the  same  no  matter  what  might  b<r  the  ron- 
dition  of  the  arc.  Again,  there  must  \ni  Y/timt  device  in  xSw. 
series  lamp  that  will  preserve  the  continuity  of  the  rinuit 
in  case  a  carbon  should  l^eeome  broken,  fall  out,  or  fhr  *  \x 
cuit  through  the  Iam|>s  become  \frok*:n  in  any  way.  If  nfi*  h 
a  device  is  not  provided,  an  o[^rn  circuit  in  the  larrif/  will 
result  in  all  the  lights  on  the  circuit  going  out.  Thin  device 
is  called  a  cut'out. 

48.     Although  the  current  through  the  arc  r*'tuHUt%  *ou 
stant  in  a  sseries  systeni,  the  '/o;ta;re  acr//*.-^^  the  ^tf  ;f»'  r*;* v* 
as  its  length  increasei^.  arid  l}.:*.  :ri'  rrit^A  vol'^y/-  ',f.  ttti$^i*  to 
bring  about  the  rej^Utiofi.     Suj/^^/v:  that  we  twAiiy  f I#/j 


A    tit^U 


Kio.  25. 

When  the  lamp  is  out,  the  carbons  }^,  It  are  in  contact 
Notice  that  the  switch  w  in  this  lamp  is  connected  across  the 
terminals,  and  in  order  to  put  out  the  lamp,  in  is  closed. 
This  is  just  the  reverse  of  the  constant-potential  lamp  that 
is  operated  in  parallel.  When  the  lamp  is  thrown  into  cir- 
cuit, the  main  current  passes  between  g  and  A,  but  Since  the 
carbons  are  in  contact  there  will  be  little  or  no  drop  Jn 
potential  between  them  and,  hence,  practically  no  current 
will  pass  through  the  shunt  coil  S'.     The  result  is  that  coil  i" 


a  vlutch  lamp  is  looked  after  as  it  should  be,  it  will  feed 
stiinoilily  and  f^'ivK  good  results.  The  use  of  clockwork  mech- 
aniHiiis  is  not  as  common  as  it  once  was,  and  practically  all 
iho  modern  lamps  arc  operated  by  a  clutch  of  some  kind. 


KXAMPLKS  OF   ARC    LAKCP8. 


(•(IXST.VXT-ClltUKNT  SKMIKS  LAMI*S— OPEN  ABC. 

41.  TUv  (Miisiant-ourrcnt  series  arc  lamp  using  direct 
v'Uiix'ul  ami  Iturniii)!;  with  an  o{)en  arc  has  in  the  past  been 
(!»■  Mvlfxt"  liMup  alnvvii  univorsally  usod  for  street  lighting. 
Th.iv  .iiv   ih.>iif..uuls  r.l    those  lamps  in    use,  and  notwith- 

-Mn.inii;  llii'  l.i.-,  lii.it  iho  r<-»;nlaiin^  mt-fhanism  of  some  of 
lluin  i^  niv'iv  ,»    !<s>  Avmpluaui.1,   they   have    given    very 


44  ELECTRIC   LIGHTING.  %19 

46.    The  Brush  Arc  lAmp. — ^Tbe  general  appeannce  of 
this  lamp  is  shown  in  Fig.  26,  which  will  serve  to  illustrate 


nips   iif  this  ilass.      A   is  the 
urn  h()kUTS  l>,  b  and  the  globe 


C  is  an  auxiliary  cut-out  that  is  intended  to  cut  out  the 
lamp  whenever  the  pressure  across  the  arc  exceeds  70  volts. 
It  consists  of  a  magnet  provided  with  two  windings  a  and  6, 
connected  as  shown,  and  a  pivoted  armature  d'  that  makes 
contact  at  c'  when  the  magnet  acts.  A  small  amount  of 
adjustable  resistance  r'  is  in  shunt  with  the  series  magnet  S. 
By  regulating  this  resistance,  the  pull  of  the  series  magnet 
may  be  adjusted;  r  is  another  small  resistance  connected  in 
scries  with  the  cut-out  c. 

47.  The  action  of  the  lamp  will  be  understood  by  refer- 
ring to  Kig.  2H.  First  we  will  suppose  that  the  lamp  Is  con- 
nected in  circuit  but  is  short-circuited  by  the  switch  blade  ^ 
on  top  of  the  lamp  being  on  contact  1.  The  current  then  (lows 
directly  across  from  /^to  J,  thoncc  through  A" and  out  on  the 
line.  Under  these  circumstances  no  current  flows  through 
the  mechanism,  the  armature  will  be  down,  the  carbons  in 
contact,  and    piece  f  will  connect  /'  and  j.      Now,  suppose 


) 


jmss  thniuKh  the  fine-wire  coils;  hence,  d'  would  at  once 
risi;  and  cut  out  the  lamp.  Of  course,  in  this  case  c  would 
conm  irn<)  cnutact  with  i  ami  j  and  remain  there,  because 
tin-  carlxiiis  could  not  come  into  contact  again  and  allow 
the  lani|>  to  rt-Unht.  If  no  cnt-out  were  provided,  there 
would  not  only  be  dangpr  of  a  break  in  the  circuit,  due  to 
the  carbons  bcinjj;  brokai  <'r  failing  to  feed,  but  in  addition 
the  shunt  i-oils  would  be  burned  out  because  the  whole  cur- 
rent woidd,  under  these  circumstances,  pass  through  them. 

i>4).  From  the  above  description,  it  will  be  seen  that  this 
lamp  works  on  the  differential  principle.  When  the  lamp  is 
not  in  operation,  the  carbons  are  together.  As  soon  as  the 
current  passes,  the  series  coils  separate  the  carbons,  thus 
starting  the  arc.  The  re^nlation  is  then  brought  about 
by  the  opposing  action  of  the  shunt  coil  causing  the  release 
of  the  clutch. 


1 


nr*.  If  tin;  carbons  sluuiltl  stick  ami  fail  to  feed,  the  arc 
will  f;ra(hi:illy  grow  l'i[i;;t-r  until  the  pull  exerted  by  the 
sliiint  inaK"':!  will  be  sufficient  to  bring  the  cut-out  con- 
tact /  (iuwn  against  r.  The  current  will  then  take  the 
path  A-p-r-Ii-iii-ii-ff-l>  in  preference  to  passing  through 
ff.  A' will  then  rise  and  bring  c  and  /  in  contact.  The 
current  will  then  take  the  path  A-h-s-c-c-f-g-B;  the 
scries  coil  will  hold  down  the  armature  and  the  lamp  will  be 
cut  out  unless  the  movement  of  the   rocker  should   release 


FIG  3s.  across   the   arc,    and 

as  soon  as  the  arc  is  started,  they  set  up  a  puli  in  opposition 
to  the  series  coils.  When  the  arc  has  burned  to  a  certain 
length,  the  pkingers  are  pulled  down  enough  to  allow  the 
carbon  to  feed.  Thit  action  of  the  lamp,  as  a  whole,  is 
almost  identical  with  that  of  the  elementary  lamp  described 
in  Art.  4a. 

GO.  If  the  rod  should  stick,  the  arc  gradually  grows 
longer  until  the  pull  of  coils  .S"  brings  d  down  against  f  and 
thus  cuts  out  the  lamp.  The  object  of  using  the  resistance  R 
is  to  enable  the  lamp  to  start  up.  If  li.  were  not  present, 
the  resistance  of  the  path /'-/(-<('-<■-/•'  would  be  so  low  com- 
pared with  the  |>ath  p-h-k-l-M-M~in-n-B  that  not  enough 


have  a  long  pick-up;  i.  e.,  when  the  lamp  starts  up  the 
mechanism  must  be  such  as  to  pull  the  carbons  a  consider- 
able distance  apart.  In  the  case  of  series  lamps,  an  auto- 
matic cut-out  must,  of  course,  be  provided. 

07.  In  taking  up  The  subject  of  enclosed-arc  lamps,  we 
will  confine  our  attention  to  two  or  three  typical  examples 
that  will  serve  to  bring  out  the  essential  points  relating  to 
their  construction  and  operation.  The  number  of  diflferent 
makes  uf  enclosed-arc  lamp  is  very  large,  but  they  differ 
from  each  other  principally  in  details  of  construction. 
The  principles  of  operation  are  about  the  same  in  all  of 
them,  and  the  following  are  nut  selected  because  they 
operate  any  better  than  several  others,  but  because  they 
will  serve  to  bring  out  the  points  aimed  at. 

(W.  Sorli;-  Knclos«-<l-A(v  l^iMips  for  Constant  Blrect 
t'uriviit. — Fig.  XI  shows   the  general  arrangement  of   the 


pro' 
pie( 
rod 
fast 

roc] 


occupy  after  the  lamp  has  just  been  started.  When  the 
lamp  is  out  of  circuit,  armature  e  is  up  at  its  farthest  posi- 
tion and  armature  d  is  down,  the  clutch  ring  k  rests  on  the 
trippinjr  table  /and  the  carbons  are  tojjcther,  A  dashpot  m 
is  pri)vi(lcd  tn  steady  the  acti"n  of  the  lamp,  and  the  cut- 
imt  preserves  the  continuity  of  the  circuit  and  protects  the 


and  any  further  downward  movement  of  the  rod  f  lowers/ 
and  releases  the  clutch.  This  allows  the  lamp  to  feed  and 
armature  c  then  lowers  to  its  normal  position.  If  the  car- 
bons should  stick  and  the  arc  become  abnormally  long,  e 
would  be  pulled  up  far  enough  to  bring  «  in  contact  with 
2,  2'.  The  current  would  then  take  the  path  through  the  re- 
sistance /'and  the  series  coils  would  be  cut  out.  The  shunt 
coils  would,  however,  still  be  subjected  to  a  small  E.  M.  F., 
due  to  the  drop  through  P,  and  the  armature  e  would  be 
firmly  held  in  place.  If,  in  the  meantime,  the  carbon  should 
become  released  and  slip  down,  the  current  would  take  the 
path  through  the  scries  coils  and  carbons  in  preference  to 
that  through  the  resistance  P.  This  would  bring  the  series 
coils  into  action  and  cause  the  lamp  to  start  up. 

71.     Coini«'iisntIi>n  Pol-  Ilonlliit;. — In  order  to  keep  the 
voltage  at    the  arc  of  a  luiislant-ciirrenl  scries  lamp  at  a 


f:o.  sfi. 


thus  (IccrcasiriR  its  rosislance,  when  the  lamp  becomes  hot. 
Fiy;.  :H1  sliows  the  connccliims  of  the  Gilbert  enclosed-arc 
lamp  for  constant-riirrcnt  circuits.  This  is  a  differential 
lamp  usinj;  a  thurnnistat  to  cut  out  [lart  of  the  shunt  coil 


of  gravity. 
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6.  Dlpect-Current  Constant- Potential  Enclosed-Arc 
nps. — Fig.  38  shows  a  lamp  that  is  similar  in  many 
•ects  to  the  constant -cur  rent  lamp  previously  described, 
i  general  features,  such  as  the  framework,  clutch,  method 
:arrying  current  into  the  upper  carbon,  etc,  are  the 
ic  in  both.     The  magnets  M  are  in  series  and  arranged 


is  to  pull  up  the  plunger  p.  This  plunger  operates  the 
eh  rod  and  its  movements  are  dampened  by  means  of 
dashpot  d.  R  is  the  resistance  wound  on  an  insulating 
nder  and  connected  in  series  tn  take  up  the  excess 
age  and  steady  the  action  of  the  lamj).  Fig.  :)»  shows 
general  arrangement  of  the  mechanism  and  gives  the 


the  upper  carbon. 


70  ELECTRIC    LIGHTING.  |1B 

chuke,  aA]  L  in  pUce  of  ibe  resistance.  This  coosistscf  > 
laminated  iron  cure  a  on  which  coils  6  are  wound.  Thne 
cttiis  arc  connected  in  series  and  the  ends  J,  S,  J,  4i  ^^ 


left   s..   that   the   wire   A    may   br   .nnn.ricd  at  different 

points.     This  all-.ws  i!k-  lamp  I..  !><■  a.ljiisn-.l  for  a  consid- 

Me   ranse   of    vi.liam;    aii.l    ln,]ii,n,y        The    reaotance 

"ounter    E.  M.  V  .  aiiil    thus  introduces  an 


tion  with  lamps  of  this  class. 

81.  TrltiiniliiK.^Mdst  iipen-arc  series  lamps  are  pro- 
vided with  a  carbon  rod  on  which  the  clutch  operates.  If 
this  rod  is  dirty  or  greasy,  the  clutch  will  not  work  properly 
and  the  lamp  will  give  poor  service.  When  trimming  the 
lamp,  the  rods  should  never  he  pushed  up  when  they  are  in 
a  dirty  condition. 

I>irt  an  the  rod  is  apt  to  cause  pitting,  due  to  the  burning 
action  of  the  current  where  it  passes  into  the  rod  from  the 
contact  spring  or  hushing.  If  the  rods  are  at  all  dirty, 
they  should  be  rubbed  down  with  a  piece  of  worn  crocus 
cloth.  When  trimming  the  lamp,  care  should  be  taken  to 
sec  that  the  carbons  are  of  the  proper  length.  Lack  of  care 
ill  this  particular  is  often  responsible  for  burned  carbon  rods 
and  carbon  hnUlers,  The  carhnns  shnuld  be  placed  so  that 
they  are  vertically  in   line   with  each  other,  and  the  upper 


aged,  It  is  a  common  occurrence  to  find  constant-potential 
lamps  that  have  been  designed  and  adjusted  for  104  to 
nil  volts  running  on  circuits  where  the  voltage  is  as  high 
as  1^5  or  i:jO.  Of  course,  under  these  circumstances  the 
lamp  takes  a  current  larger  than  it  should,  and  it  must  not 
be  forgotten  that  the  heating  effect  in  the  resistance  coil 
and  other  parts  nf  the  lamp  runs  up  as  the  square  of  the 
current,  A  comparatively  slight  increase  in  the  current 
will,  therefore,  result  in  quite  a  large  increase  in  the  heat 
developed,  and  this  in  the  course  of  time  is  sure  to  result 
iiijiirii)usly.  An  abnormal  current  is  also  liable  to  melt  the 
enclosing  globe.  Of  course,  many  of  the  burn-outs  on  these 
lamps  may  be  traced  to  faulty  design  or  construction,  but 
at  the  same  time  it  is  quite  true  that  many  good  lamps  give 
trouble  either  because  the  voltage  is  too  high  or  because  the 
lamp  has  not  been  properly  adjusted  to  suit  the  voltage  on 
which  it  is  to  operate. 
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LINE   WORK  FOR  ARC   LIGIITIX(i, 


SERIES    SYSTEMS. 

87.  Size  of  Wire. — Since  most  outside  lighting  work 
is  done  on  the  series  system,  and  the  current  being  usually 
not  greater  than  9.G  amperes,  the  line  wire  does  not  need  to 
be  large.  Generally,  such  lines  are  of  No.  (\  B.  &  S.  double-  or 
triple-braided  weather-proof  wire.  Triple-braid  wire  of  this 
size  weighs  about  585  pounds  per  mile;  double-braid  wire 
weighs  about  510  pounds.  Its  resistance  per  mile  is  approxi- 
mately 2.08  to  2.12  ohms.  Scmietimes  No.  8  wire  is  used 
for  arc  lines,  but  while  it  is  large  enough  to  carry  the  current, 
it  does  not  make  as  substantial  a  job  as  the  No.  0.  The 
difference  in  first  cost  between  the  two  sizes  is  not  great 
and,  as  a  general  rule,  it  will  pay  to  put  up  the  larger  wire, 
especially  in  localities  where  sleet  storms  are  common. 

88.  Since  the  current  is  small,  series  arc  lines  may  be 
run  long  distances  without  having  an  excessive  loss.  For 
example,  with  a  9.G-ampere  current,  the  drop  per  mile  of 
wire  would  be  about  2.08  X  9.  G  =  19.97  volts.  Series  arc 
circuits  often  extend  for  miles,  but  the  extension  of  the  line 
simply  cuts  down  the  pressure  available  for  the  lamps,  so 
that  a  given  dynamo  is  not  capable  of  operating  quite  as 
many  lamps  on  a  long  circuit  as  on  a  short  one. 

89.  Jja^ni;  Out  Arc  Circuits. — There  is,  generally, 
not  a  great  deal  of  choice  as  to  the  laying  out  of  an  arc  cir- 
cuit for  street  lighting,  as  it  is  determined  almost  altogether 
by  the  location  of  the  lamps.  At  the  same  time,  wire  and 
labor  can  often  be  saved  by  laying  out  a  plan  of  the  streets 
to  be  lighted  and  then  arranging  the  circuits  so  that  the  line 
will  pass  through  one  lamp  after  another  with  as  little  doub- 
ling back  on  itself  as  possible. 

When  laying  out  the  line,  it  is  a  good  plan,  where  possible, 
to  connect  the  terminals  of  a  loop  in  the  circuit  to  a  switch 
so  that,  in  case  of  trouble,  the   loop  may  be  short-circuited 


I  hficht  of  20  to  25  feet 


r  iliiitfrlnt;  ljiin|»s. — There  are,  in  gen- 
i>f  lianjiiiiK  lamps:   (n)  By  mounting  on 
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pole  tops;  (b)  by  suspending  from  mast  arms  or  pole  fixtures 
projecting  from  a  side  pole;  (c)  by  suspending  from  the 
middle  of  a  span  wire  so  that  they  will  hang  over  the  middle 
of  the  street. 

When  the  lamps  are  mounted  on  pole  tops,  they  are  fixed 
permanently,  no  provision  being  made  for  lowering  them 
when  they  are  trimmed.  The  pole  must,  therefore,  be 
provided  with  pole  steps,  so  that  the  trimmer  may  climb 
up  to  the  lamp.  This  method  of  mounting  makes  the 
work  of  trimming  hard,  and  it  is,  therefore,  not  used 
nearly  so  much  as  other  methods,  which  allow  the  lamp  to 
be  lowered  for  trimming.  Fig.  43  shows  a  lamp  with  the 
pole-top  mounting.  It  is  necessary  to  provide  a  hood  to 
protect  the  top  of  the  lamp.  With  the  older  styles  of  lamp, 
these  hoods  were  large  enough  to  accommodate  a  hanprer 
board,  from  which  the  lamp  was  suspended.  In  the  newer 
lamps,  a  much  smaller  hood  is  sufficient.  This  method  has 
a  few  advantages,  among  which  are  the  absence  of  rope  and 
pulleys,  also  the  line  wires  when  once  connected  up  are  not 
moved,  as  they  are  every  time  a  lamp  is  raised  or  lowered. 
The  raising  and  lowering  of  lamps  is  a  frequent  source  of 
breaks  in  the  line  wire  due  to  the  slight  bending  and  unbend- 
ing that  the  wire  is  subjected  to.  These  advantages  are, 
however,  more  than  offset  by  the  difficulty  of  trimming  if 
the  lamps  are  mounted  high  above  the  street.  Fig.  44 
shows  a  mofe  ornamental  style  of  pole-top  mounting.  In 
this  case,  the  lamp  is  only  about  20  feet  above  the  street, 
and  as  it  is  used  with  enclosed  arcs,  which  are  trimmed 
about  once  in  a  week  or  ten  days,  the  climbing  up  to  the 
lamp  is  not  as  much  of  an  objection  as  when  open  arcs, 
requiring  daily  trimming,  are  used. 

94.  Fig.  45  illustrates  a  typical  mast-arm  suspension. 
The  general  arrangement  will  at  once  be  seen  from  the 
fij^ure.  The  lamp  is  raised  and  lowered  by  means  of  a 
rope  and  pulleys,  and  is  provided  with  a  small  hood  b 
to  protect  the  top  from  the  weather.  The  lamp  is  sus- 
pended from  the  rope  by  the  intervening  cross-arm  a  and 
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insulator  b,    A  cmss-arm  skzid  insulator  of  tUs  kind  slioold 
be   pro\-ided  in  order  to  secure  good  insniatioii  bclnccn 


Fig.  45. 


ihr  lamp  and  thtr   jMilr   hxturc    an<l    alsi»  to  keep  the  line 
win-,  -prrad  ajiart. 


FIO.  40. 


A  number  of  different  types  of  lamp-supporting  pulleys  are 
now  manufactured.  In  most  of  them  either  a  catch  or  pro- 
jections are  arranged  inside  the  pulley  casing  so  as  to 
hold  the  lump  when  it  is  raised  and  relieve  the  rope  of  all 
strain.  When  the  lamp  is  to  he  lowered,  it  is  first  pulled  up 
a  little.  This  unlocks  the  jiulleyand  allows  the  lamp  to  be 
li>wL-red.  The  use  of  self-l<)cking  pulleys  also  helps  to  make 
the  operation  of  trimming;  mn.'e  rapid. 

An -lamp  pulleys  have  also  been  brought  out  that  contain 
a  switch  that  ruts  off  the  lamji  entirely  from  the  circuit 
when  it  is  lowered.  This  allows  the  lamp  to  be  lowered 
without  lowering  the  wires  running  to  it,  and  also  makes  it 
perfectly  safe  to  work  on.  These  pulleys  are,  however, 
somewhat  complicated, 

1>7.  I(<>p<-.—  The  rn|n-  UM-d  for  raising  and  lowering  the 
lamps  is  an  impcirtant  item  mi  a  large  system  and  it  should 
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out  the  lamps  and  allowinpf  the  current  to  flow  directly 
across  from  one  blade  to  the  other  and  disconnecting  the 
house  wires  entirely  from  the  line.  The  springs  shown  in 
the  figure  make  the  action  quick  and  positive. 

ICM).  Cut-Oil ts  on  Arc  Lamps. — Nearly  all  arc  lamps 
are  provided  with  a  simple  short-circuiting  switch  by  means 
of  which  the  lamp  may  be  cut  out.  This 
switch  does  not,  however,  disconnect 
the  lamp  entirely  from  the  ( ircuit,  and 
it  is  always  dangerous  to  work  on  a 
lamp  under  such  circumstances  when 
standing  on  the  ground,  because  there 
is  liable  to  be  a  ground  on  some  part 
of  the  line  and  thus  establish  a  path  for 
the  current  through  the  person  working 
on  the  lamp.  Since  the  introducti<;n  of 
constant-current  circuits  operating  a 
large  number  of  lights,  the  danger  from 
shock  has  materially  increased,  and  to 
get  around  this,  lamps  are  now  fre- 
(juently  equipped  with  individual  cut- 
out switches  that  are  separate  from  the 
lamp  and  that  will  cut  out  the  lamp  and  discoiincct  it 
entirely  from  the  circuit.  Fig.  .5*^  shows  a  srrics  arr  lamp 
equipped  with  a  separate  cut-out  switch  of  this  kind. 

101.      lAH>iAiiK  ill  I.4iiiips  on  Scrh's  CircMilt^-:.- -\Vhen  a 

lamp  i^  lo(»pi*(]  in  (m 
a  scri<  s  rir<MiT  out 
of  doors,  it  is  not 
iK'<  cssarv  t« '  J."  ovidc 
a  iiit-oi:t  switi  li  at 
liie  ])oiiU  \\l«tr<-  it 
is  cut  into  tb.c  lin«  , 
thou>.ih,  as  nunt  ionr<l 
in  tilt-  prcvi'.^us  ar- 
tiile,  switches  are 
i-'io.  ^j.  sometimes  j)laced  at 


Vie.  w 


contained  in  the  case  below.  In  {d)  the  carbons  are  regu- 
lated by  turning;  the  knobs  a,  a. 

103.     Whi-n    these   lamps  are    riin   on  a  regular  110-volt 

circuit,  a  rlit-osiat  must  be  insL-rted  in  series  with  them  111 
order  to  lake  \\[>  the  excess  voitajje.  The  rheostat  should 
be  capalile  of  carryirijr  the  current  reijuired  by  the  lamp 
withcmt  uniiue  heating,  and  should  have  enough  resistance 
to  jjivc  a  nia.xiiTuini  drop  of  about  TO  lo  Al)  volts  when  used 
on  llO-volt  circTiits.  Abovit  ^11  to  :iO  volts  of  this  drop 
should  lie  adjustable,  so  that  the  current  taken  by  the  arc 
can  be  kept  at  ihe  proper  amount.  Fit  example,  a  lamp 
taking  Ht  amperes  should  have  about  :ii  ohms  in  the 
rhe<)Stat,  and  at  least  1  ohm  of  this  should  be  split  up  into 
m  or  Ifl  sectiiins  atiil  connected  to  a  regular  rheostat  switch 
S()  that  a  good  adjustment  can  be  obtained.  A  10-amper 
lamp  would  require  about  7  olim>.  in  the  rheostat,  and 
'i  or  3  ohms  of  this  should  be  adjustable. 
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SEARCH  LIGHTS. 

104.  One  of  the  most  iuiportant  applications  of  the  arc 
light  for  projection  purposes  is  found  in  the  searchlight. 
These  are  now  used  extensively  both  on  shipboard  and  also 
on  land,  and  reference  has  already  been  made  to  the  arrange- 
ment of  the  carbons  and  mirrors  as  used  in  them.  A 
searchlight  is  designed  to  concentrate  the  rays  emitted  from 
the  crater  of  the  positive  direction  and  to  project  them  so 
that  they  will  be  parallel  to  each  other.  A  beam  of  light 
that  does  not  spread  out  will  illuminate  objects  at  great 
distances,  because  the  intensity  of  such  a  beam  does  not  fall 
off  with  the  square  of  the  distance  as  does  the  light  from 
an  ordinary  source,  (n  fact,  if  all  the  rays  were  exactly 
parallel  and  the  mirrors  perfect  and  if  there  were  no  absorp- 
ti<m  of  lijjht  by  the  atmosphere,  the  intensity  of  the  beam 
w<)uld  n<)t  diminish  at  all.  As  a  matter  of  fact,  it  does 
diminish  to  an  extent  that  depends  very  largely  on  the 
con<litif>n  i)f  the  atmosphere. 

Knr  many  "f  the  followinjf  points 
;iii<l  il!ustr;iiicms  relatin({  tii  search- 
lights  H-e  are  iiidcbtud  lo  a  pa]H,T 
by  Lieut.  B.  T.  WallitiR  iwmishi-d 
in  the-  Pns'eL'dings  iif  TIil-  Uniti-d 
Stiilos  Naval  Institute,  The  type 
cif  kimp  here  descrit>cil  is  one 
dvsinned  by  the  General  Electric 
Com|>any  and  which  is  used  very 
lar^ily  b<ilh  fur  naval  and  com- 
mercial w«rk. 

lOfl.  (iencral  Construc- 
tion.—Fig.  .iH  shows  a  34-imh 
lir..jecior.  The  barrel -■/ con- 
tains the  lamp  and  reflector, 
the  reflector  being  mcunited  in 
the  hack  end.  This  barrel  is 
SttiiTif,'  <in  trunnions  hUpprTted 
liy  the  base  l>  and  is  arran;;cd 
■^.  that   the  prnjtctrir  can    bi-  ^^'-  '■■•■ 

stt'iing  around  thruujih  any  (inj;li-.      'j'hi'   b:irr.-l  can  alsn  be 
swung  up  and  down  or  ilaiTiju-d  in  any  disircd  posiiiuii  by 


itiiiiis,  the  vi>ltaK<;  tn'tweeii  them  and,  hence, 
-o>is  ih.-  shunt  ina|fnet  (!  mnst  he  equal  to 
it(i^:i'.  The  cunscqiifnce  is  that  armature  H 
.\'i  ^ii.ii!  ;is,  Jf  is  attracted,  the  current 
unt  <  irruit  is  hnikcii  by  the  contact  device  ^ 
tiirc  falls  liark  and  the  attraction  is  again 
.■  arinatnri'  //.  ihiTf  fun-,  vibrates  rapidly  and 
that  shoves  ihi- ratrh(-t  /■"around  and  feeds 
i^<'ihiT.  The  screws  are  geared  together,  so 
revulves  cme-half  as  fast  as  E.  As  soon  as 
id  l>riny:s  thi'  rarb<)ns  intii  contact,  a  heavy 
f..r  a  short  intrrval  ami  the  series  coils  K 
Lrmatiiie  n  and  thus  start  the  arc.  As  the 
away,  the  voltage  across  (,'  increases  until 
k:\  .>i,cr.Lli'^  ■.m>\  niov.'s  the  rarhons  a  little 
r.  Th.-  jfini  -f  frcdiriu  r.m  he  adjusted  hy 
.\'v\\:}i  .■  ami  ilie    length  uf   the  arc  by  means 


''illlli'li'ii'' 
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of  nuts  d.  The  positive  carbon  holder  is  provided  with  ver- 
tical and  horizontal  adjustments,  so  that  it  can  be  accurately 
lined  up. 

109.  Naval  searchlights  are  usually  operated  on  80-volt 
circuits,  so  that  it  is  necessary  to  take  up  but  20  to  30  volts 
in  the  rheostat.  For  commercial  lamps,  the  line  voltage  is 
higher,  but  in  any  case  the  rheostat  should  be  adjusted  so 
that  the  lamp  will  operate  without  hissing  or  flaming. 
With  the  horizontal  type  of  lamp  here  described  there  is  a 
tendency  to  flame  at  the  upper  edge  of  the  crater,  thereby 
forming  the  crater  on  the  upper  edge  of  the  positive  carbon 
and  distorting  the  reflection.  This  tendency  is  corrected 
by  a  horseshoe  magnet,  which  draws  down  the  arc. 

no.  Some  hissing  will  occur  when  starting  up,  espe- 
cially with  new  carbons,  and  the  lamp  will  not  quiet  down 
until  a  good  crater  has  been  formed  in  the  positive  carbon. 
This  can  be  obviated  by  reaming  out  a  crater  in  the  posi- 
tive carbon  with  a  penknife  before  putting  it  in  the  clamp. 
Flaming  and  hissing  are  promoted  by  inferior  carbons  and 
are  much  increased  if  the  carbons  have  absorbed  oil.  Car- 
bons should  be  hard,  homogeneous,  and  of  the  best  quality. 
Soft  carbons  fuse  and  form  **  mushrooms,"  which  cut  off  a 
large  portion  of  the  light  and  make  the  arc  imsteady.  The 
positive  carbon  should  be  cored,  as  this  assists  in  holding 
the  arc  central  and  in  making  a  good  crater.  Negative 
carbons  are  sometimes  cored,  but  this  is  not  generally  con- 
sidered necessary  or  even  desirable. 

Ill,     Points    Relating    to    Care    and    Operation. — 

When  the  searchlight  is  first  started,  an  abnormal  current 
will  flow  for  an  instant  when  the  carbons  touch  each  other. 
This  current  may  be  sufficient  to  throw  the  ammeter  off  the 
scale,  but  it  does  no  particular  harm  if  it  does  not  continue. 
If  it  should  continue,  on  account  of  the  lamp  failing  to  work 
properly,  cut  off  the  current  at  onrc  by  means  of  the  main 
switch.  The  starting  current  may  be  as  much  as  50  per 
cent,  above  the  working  current.     Any  abnormal  current  of 
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TESTING  ARC-LIGHT  LI^N^ES. 

1.  Since  street  arc-lighting  circuits  are  generally  long, 
considerably  exposed,  and  of  comparatively  small  wire,  they 
always  give  more  or  less  trouble  on  account  of  grounds, 
breaks,  and  crosses.  Breaks  are  of  quite  frequent  occur- 
rence, especially  during  heavy  wind  or  sleet  storms,  and 
very  often  cannot  be  detected  by  a  mere  inspection  of  the 
line.  The  wire  may  be  broken  while  the  insulation  holds 
the  ends  together,  so  that,  to  all  appearances,  the  line  is 
intact.  Breaks  are  especially  liable  to  occur  at  the  point 
where  the  line  loops  from  the  pole  to  the  lamps. 

(jrounds  are  most  likely  to  occur  around  the  fronts  of 
stores  where  the  wires  are  run  in  proximity  to  iron  awnings 
or  fittings.  Also,  where  the  lines  run  through  trees,  there 
will  always  be  more  or  less  of  a  ground,  especially  in  wet 
weather.  In  this  case,  however,  the  trouble  would  be  more 
correctly  termed  a  leak,  as  it  is  due  to  defective  insulation 
and  does  not  c(mstitute  a  direct  connection  to  groimd,  as 
would  happen,  for  example,  if  one  of  the  lines  came  into 
contact  with  an  iron  pole  or  a  gas  or  water  pipe. 

Cros.ses  are  caused  by  one  line  coming  into  contact  with 
another,  and,  under  ordinary  conditions,  should  not  occur 
frequently  if  the  line  is  well  constructed.  Of  course,  heavy 
storms,  especially  sleet  storms,  may  cause  a  great  deal  of 
trouble  on  arc  lines,  but  we  are  now  speaking  of  the 
troubles  that  are  liable  to  occur  under  ordinary  working 
conditions. 
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whi;r:^  ami  thu  hrtak  should  be  loiiked  up  at  once.     If 


%   ">* 


/ 


,/ 


the  circuit  is  arai 

nf    swit.h.-s    nil    I 
th.-    lnn|>S    111     M.O 

y.]v\v  in  which  I'M 
fnrUui-   Inc.ud. 


I  liii>]is  tli.it  may  he  cut  nut  by  mf.-ins 

uu\:]  a  rni-  i-; --l^lained.  This  will' 
br.ak  I-;,  an. I  ih.'  fault  may  then  he 
-nihi '1    l.iti.]  :    ■■r.    111    many  cases,  it 
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may  be  found  by  a  simple  inspection.  In  general,  however, 
the  problem  will  be  to  locate  a  break  on  a  simple  series  cir- 
cuit, su(*h  as  that  shown  in  Fig.  1.  The  irregular  outline 
here  represents  the  circuit,  or  portion  of  a  circuit,  of  which 
r/,  h  are  the  terminals;  /,  /,  etc.  represent  the  lamps.  It  is 
found  by  ringing  up  between  a,  h  that  there  is  a  break  on 
the  circuit.  We  will  indicate  this  break  at  the  point  x, 
though  its  location  is  not  known  as  yet.  The  first  thing  to 
do  is  to  connect  a  and  h  together  and  ground  them,  as 
shown  by  the  dotted  lines.  The  lin(;man  then  goes  out  to 
the  point  t\  as  near  the  middle  of  the  circuit  as  possible,  and 
opens  the  circuit  by  lowering  a  lamp  and  removing  the 
wires  or   in   anv  other   wav  that   mav  be    convenient.      He 

^  ^  w 

then  attaches  one  terminal  of  the  testing  magneto  to 
ground,  by  connecting  it  with  a  hydrant  or  other  ground 
connection  that  may  be  at  hand,  and  the  other  terminal  to 
one  end  of  the  circuit  li.  He  then  rings  up,  and  if  the  bell 
rings,  it  shows  that  th(*  portion  of  the  circuit  from  ^/around 
to  the  station  is  all  right  and  that  the  break  is  in  the  other 
half.  He  then  closes  the  circuit  at  c  and  moves  on  to  a 
place  /,  about  half  way  between  c  and  the  station.  The 
circuit  is  here  opened  and  the  magneto-bell  connected  as 
iK-fore.  If  a  ring  is  obtained  when  the  l)ell  is  connected  to 
the  left-hand  end  of  the  line,  it  shows  that  the  stretch  of 
circuit  /"-i,''-/^  is  intact;  while,  if  the  bell  do(*s  not  ring  when 
connected  to  the  right-hand  side,  it  sho.ws  that  the  break 
is  between  /'  an»l  i\  because  thi!  previous  test  showed  that 
the  part  li-l -l-a  was  all  right.  In  this  way,  by  making  a 
few  tests,  the  lineman  ean  locate  the  stretch  of  circuit 
in  which  the  break  oeeurs  between  narrow  limits,  and 
the  break  itself  can  then  usuallv  be  located  bv  a  careful 
inspection. 

i^.  fjocatiiifj:  (iroiiinls. --When  a  line  beccnnes  grounded 
at  any  |«>int  r,  as  indicated  in  I'ig.  'i,  the  ground  may  be 
located  by  using  a  magneto,  in  which  case  the  ends  of  the 
line  a^  b  at  the  station  are  left  ojhmi,  instead  of  being 
grounded,  as   when    testing   for    breaks.     The  line  is  then 


catintt  gri)iiti(ls   im  an    arc  rirciiit,  as  indicated    in  Fig.  'i- 


''      / 


The  dynaiiKi  is  here  i)miltcd.  Iiiit  it  is  siijuiosed  to  be  opera- 
tiiijf  tlu:  ciriiiit  riinnci-lfil  In  its  terminals  n.  />. 

In  this  casg  wc  liavt,  say,  15  lamps  ojKirattd  on  a  circuit. 


the  arc  line;  hence,  whi'ii  a  point  is  reached  when  the  drop 
in  jiressure  from  a-\-  around  to  the  yrniind  is  equal  to  the 
drop  in  the  artificial  line,  thi;  two  pressures  counterbalance 
each  other,  as  indicated  by  the  arrows,  and  no  current  flows 
thnniyh  the  jr 'i I ^■''"'•rii '-"'■<■''"-  ^^  soon  as  the  point  corre- 
sponding to  that  where  the  ground  exists  is  passed  on  the 
switch,  the  galvanometer  will  reverse  Jt^  Reflection. 
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LIGHTNING  PROTECTION  FOR  ARC 
CIRCUITS. 

6.  Series  arc-light  circuits  are  very  apt  to  bring  in  light- 
ning discharges  to  a  station,  because  they  cover  such  large 
areas  and  are  usually  pretty  well  exposed.  They  should, 
therefore,  be  well  protected  by  lightning  arresters.  The 
arresters  used  on  arc  circuits  differ  little,  if  any,  from 
those  used  on  other  circuits.  Care  must,  of  course,  be 
taken  in  selecting  an  arrester  to  see  that  it  is  adapted  to 
the  voltage  of  the  circuit.  Many  of  the  older  types,  which 
were  quite  satisfactory  on  circuits  operating  as  high  as 
W)  to  75  lamps,  are  not  suitable  for  high-v<)llage  circuits 
operating  125  to  150  lamps.  If  the  older  types  of  arrester 
are  to  be  operated  on  such  circuits,  two  of  them  should  be 
connected  in  series. 

7.  Thomson   Arr«et*tr,  ■ — Fig.   5   shows   the   Thomson 
mat;netic  blow-out  arrester  that  has  probably  been  used  in 
the     past  more  ex- 
tensively on  arc  cir- 
cuits than  any  other 

one  type.  Itissimi- 
lar  in  principle  to  the 
blow-out  arrester 
used  on  constant- 
fMitential  circuits, 
except  that  the  coils 
are  in  series  with  the 
dynamo  instead  of 
being  connected 
acrc)ss  an  auxiliary 
airnnp.      The  coils, 

therefore,  carry  the  ''"■  ''■ 

current  all  the  time  the  dynamo  is  in  '>jM;rati"n  Tliin-  is 
little  objection  to  this  in  the  <  ase  of  an  arc  <in  nit  when-  tin- 
current  is  small.  For  ''-nstant  p-.i.-niiul  <  inint--  il  w.uld 
be    incuQveoient   to  carry   the   main   current    through    the 


charge  out  of  the  dyiiiimo,  but  sometimes  additional  choke 
coiis  are  iiiserled,  as  shown  at   L,  L,  in  order  to  make  the 


PlO.  T. 

prutection  still  miirt;  sure.  This  same  style  of  arrester  is 
m<mnted  in  a  weather-proof  box  for  use  out  on  the  line;  the 
one  shown  in  Fig.  S  is  intended  fur  use  in  the  station. 
Fit;.  '  shows  two  of  thi;si;  arrt/stiTS  connected  in  series  for 
circuits  on  which  more  than  75  lights  arc  operated. 


1  riiim 


nating  current.  Attention  has  already  been  called  to  the 
fact  that  large  numbers  of  arc  lamps  are  run  on  constant- 
potential  circuits.  These  lamps  are  operated  by  the  same 
macliines  and  from  the  same  mains  used  for  the  incandes- 
cent lighting,  so  that  the  equipment  described  in  RiectTK 
I.i^i^hling,  Part  I,  is  suitable  whether  the  lamps  be  director 
alternating.  We  will,  therefore,  confine  our  attention  to 
the  special  eijuipment  necessary  for  operating  constant- 
ciirrftu  series  circuits. 

\',\.  Lamps  may  be  operated  in  series  by  means  nf  a  con- 
stant current,  either  direct  or  alternating.  In  case  direct 
current  is  used,  it  is  supplici  by  regular  arc-light  dynamos. 
In  cast-  alternating  current  is  used,  it  is  generally  supplied 
frnm  a  cnnstant-imtemial  aUernating-current  dynamo  sup- 
plying the  lamps  ihriiugh  a  regulator  or  transformer  of  some 
kind  tliat  will  serve  to  keej)  the  current  atthecorr«ct  value, 
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no  matter  how  many   lamps  there  may  be   in  the  circuit 
Constant-current  alternators  have  not  as  yet  been  used  to 
any   j^reat  exXent,  but  as  the  use  of  series  alternating  arc 
lamps  extends,  it   is   quite  probable  that  they  may  be  used 
more  than  has  been  customary  in  the  past. 


COX8TANT-CURRENT   ARC-LIGHT    I>YXAM<)8. 

14.  The  constant-current  arc-li^ht  dynamo  may  in 
many  ways  be  considered  as  a  decided  contrast  to  the  con- 
stant-potential direct-current  machines  used  for  low-pressure 
lijj^hting  or  street-railway  work.  In  the  first  place,  arc 
machines  must  generate  a  comparatively  small  current 
(from  G  to  10  amperes),  but  the  maximum  pressure  that 
they  are  called  upon  t(»  deliver  at  full  load  is  very  high. 
Moreover,  they  must  be  constructed  so  as  to  keep  the  cur- 
rent at  the  required  amount  through  a  wide  range  in  the 
number  of  lamps  operated. 

The  constant-potential  dynamo  does  just  the  opposite.  It 
maintains  the  pressure  (usually  from  110  to  000  volts)  at  a 
constant  or  nearly  constant  value  and  the  current  varies 
with  the  load.  A  constant-potential  machine  can  be  made 
self-regulating  by  providing  it  with  a  compound  field  wind- 
ing. In  order,  however,  to  make  a  direct-current  machine 
regulate  for  constant  current,  it  is  necessary  to  provide  it 
with  an  electromechanical  regulator  of  some  kind  that  will 
adjust  the  voltage  with  changes  in  load,  so  as  to  keep  the 
current  constant. 

These  regulators  are  always  more  or  less  complicated.  It 
is  quite  a  common  thing  to  go  into  arc-light  stations  and 
find  the  regulators  thrown  out  of  acticm.  Some  of  them 
give  so  much  trouble  that  the  station  men  prefer  to  regulate 
the  machines  by  hand  rather  than  bother  with  them.  Most 
of  these  regulators  shift  the  brushes,  and  if  the  loail  does 
not  change  suddenly  (as,  for  example,  on  a  street-lighting 
circuit),   the   dynamo  tender  can  regulate   the  current    by 


whole,  it  has  more  peculiarities  than  almost  any  other  direct- 
current  machine  in  ci)mm(>n  use.  The  General  Electric 
Company,  who  succeeded  the  Thomson- Houston  Company, 
do  not  now  manufacture  this  type  as  their  standard  arc 
machine;  Iiut  since  large  numbers  of  T.  H.  machines  are  in 
use.  wc  will  consider  a  few  points  regarding  them. 

Fij;.  !i  shows  the  general  appearance  of  this  arc  machine, 
and  Pi}!,  H)  shows  how  it  is  connected  with  the  wall  con- 
troller and  the  lamp  circuit.  The  arrangement  of  the  pluR 
switchboard,  which  is  merely  shown  at  A,  Fig.  10,  in  order 
to  make  the  diagram  complete,  will  lie  fully  explained  later. 
A,  Fig.  10,  is  the  wall  controller  that  is  used  to  throw  the 
regulating  magnet  Af,  Fig.  It,  into  or  out  of  action  whenever 
a  movement  of  the  brushes  is  necessary  to  keep  the  cur- 
rent constant.  A'  is  an  adjustable  rheostat  connected  in 
shunt  with  the  right-hand  field  coil.  Constant-current  arc 
machines  are  always  series-wound,  i.  c.,  the  field  coils  are 


T\m  lator  tyjies  of  T,  H. 
,  cfjuippcd  with  the  ring- 


csperiatly  subject.  Tt  consists  in  a  momentary  short-cir- 
ruitinp;  iif  the  machine  by  an  arc  jumping  around  the  com- 
nmtator  fri)m  brush  to  brush.  This  produces  a  flash,  so  well 
known  in  connection  with  these  machines.  It  may  arise 
from  a  number  of  (Uffcrent  causes.  In  the  T.  H,  machine, 
an  improper  setting  of  the  brushes  or  commutator  referred 
to  above  may  cause  it,  also  defects  in  the  air  blast.  If  the 
jets  become  stojijied  up  or  if  the  blower  itself  is  out  of  order, 
the  puffs  of  air  will  ni>t  be  delivered  so  as  to  blow  out  the 
spark.  This  will  allow  it  to  carry  over  to  the  adjacent  seg- 
ment and  a  flash  will  result.  A  flash  is  immediately  followed 
by  a  lowerinfj  of  the  reKulati)r  and  must  not  l)e  con- 
founded with  the'  ordinary  sparking  of  the  machine.  When 
a  T.  II.  machine  is  running  under  normal  conditions,  there 
is  a  spark  about  -i\  to  }  inch  long  at  the  ends  of  the  brushes. 
This  spark  has  a  vinlet  tinge  and  does  no  special  harm;  in 
fact,  an  experienced  hand  can  tell  by  the  size  and  color  of 


aa.  The  Brush  Arc  Dynamo.  —  The  old  style  Brush 
arc  machine  was  very  simple  in  construction.  Large  num- 
bers of  these  machines  are  still  in  use,  but  they  are  gradually 
being  replaced  in  the  larger  plants  liy  the  later  style  shown 
in  Fig.  13,  These  machines  are  much  larger  than  the  bipolar 
type  and  have  a  higher  efficiency.  The  armature  j)/ is  of 
the  ring,  open-circtiit  type,  and  its  general  construction  is 
the  same  as  that  of  the  older  style  armature  with  a  number 
of  improvements  in  the  mechanical  details  and  method  of 
insulation.  The  connections  are  also  slightly  different  in 
order  to  adapt  the  armature  to  a  four-poie  field.  Instead  of 
connecting  diametrically  opposite  coils  in  series,  as  in  a 
two-pole  machine,  four  coils  situated  one-quarter  of  a  cir- 
cumference from  one  another  are  connected  in  series  and 
the  terminals  brought  out  to  the  commutator  segments. 

The  field  is  the  same  in  some  respects  as  that  on  the  old 
machine,  but  there  are  four  poles  on  each  side  of  the  arma- 
ture instead  of  two.      On  each  side  the  pules  are  alternafely 


wires  <?,  a'.  This  resistance  is  divided  into  a  number  of 
steps,  connections  to  which  are  made  by  an  arm  moving 
over  the  contacts  l>.  This  arm  is  moved  by  the  regulator 
anil  at  the  same  time  the  brushes  are  tipped  by  means  of 
ihc  rocker-arm  c  attached  to  the  brush-holder  yoke  d. 

'i!i.    Tlu-     KoKiiUitor. — Two    types  of    regulator   have 

been  l)rou}^ht  out  for  the  multipolar  Brush  machines.  The 
lirsl  type  used  ma^jnetic  clutches  to  move  the  rheostat  arm. 
A  shaft  on  which  were  mounted  two  magnetic  clutches  was 
driven  at  a  uniform  speed  by  a  bell  from  the  main  shaft. 
The  shaft  carrying  the  rheostat  arm  was  moved  by  the 
clutch  shaft  by  means  of  beveled  gears,  so  that  when  cur- 
rent was  allowed  to  pass  through  one  clutch,  the  rheostat 
arm  was  moved  in  one  direction,  and  when  the  other  clutch 
was  thrown  into  action,  the  arm  was  moved  in  the  opposite 
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magnets  provided  with  armatures  carrying  contacts,  so  that 
when  the  current  became  low  one  clutch  was  energized,  and 
when   too  large,  the  other.     This  form  of  regulator  Is  not 


now  manufactured,  so  that  it  will  nut  be  nt;ci;ssary  to  describe 
it  in  detail.  The  one  now  made  is  shown  in  Fig.  14.  This 
regulator   is  shown  at  f,  Fig.  13,  but   Fig.  14  is  a  larger 
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aJjdsiing  spring/.  The  valve  is  operated  by  means  of 
link  T.  The  piston  or  vane  b  is  movable  and  is  free  to 
ig  around  in  the  chamber  /.  The  partition  w  \-3,  fixed,  so 
:  when  oil  is  pumped  in  above  -w  and  is  allowed  to  flow 
below,  the  vane  b  moves  clockwise  and  moves  the  rheo- 
arm  in  the  same  direction.  When  oil  is  pumped  in  on 
lower  side  and  allowed  to  flow  out  on  the  upper,  the 
e  moves  counter  clockwise.  When  the  current  is  at  its 
mal  value,  the  valve  is  in  its  central  position  and  the  ports 


arranged  so  that  the  oil  passes  in  and  out  of  the  valve 
mber  without  affecting  the  piston.  Under  such  circum- 
ices,  therefore,  the  rheostat  arm  remains  stationary. 
ig.  Ifl  shows  the  arrangement  of  the  valve.  It  is  here 
wn  in  its  mid-positiim  and  the  arrows  show  how  the  oil 
If,  past  the  valve  and  back  into  the  chamber.  When  the 
i-e  is  raised  slightly,  the  flow  through  the  jwrts  o,  o  is 
pped  and  oil  is  forced  into  the  chanilier  .r,  thus  fi)r- 
%  the  piston  to  the  right,  or  eloekwise.  As  soon  as 
J.    Ill—to 


the  changes  in  load  so  as  to  keep  the  spark  at  the  brushes 
about  I  inch  long  on  short  circuits  and  i  inch  long  on  full 
loatls. 

Some  of  thest  machines  are  provided  with  what  is  called 
a  spark -eonl rol linur  switch.  This  is  an  adjustable  resist- 
ance in  scries  with  the  rheostat.  By  varying  this  resistance,  ■ 
the  field  strength  of  the  machine  may  be  adjusted,  to  a  cer- 
tain extent,  independently  of  the  position  of  the  rheostat 
arm,  and  the  field  strength  determines,  to  a  large  extent, 
the  amount  of  sparking.  On  these  machines  the  spark  at 
the  negative  brush  (the  top  or  horizontal  brush)  follows  the 
brush  in  a  'i'mzag  line,  while  that  on  the  positive,  or  vertical, 
brush  follows  the  brush  in  a  straight  line. 

27.     The  controller  described  above  will  hold  the  current 
at  its  correct    value  with  very  little   variation  either   way. 


The  two  machines  are  connected  in  series  by  connecting 

the  positive  terminal  of  one  to  the  negative  terminal  of 
thu  other,  in  just  the  same  way  as  cells  of  battery  are  con- 
nected together  when  their  E.  M.  F.'s  are  to  be  added. 
Whin  arc  machines  are  run  in  this  way  there  is  often 
trouble  due  to  the  current  seesawing  or  hunting,  as  it  is 
sometimes  called. 

The  current,  instead  of  remaining  steady,  surges  up  and 
down.  This  is  caused  by  the  unstable  action  of  the  regu^ 
lalor^  nn  the  two  machines;  both  try  to  do  the  regulating 
at  once  and  the  result  is  an  unstable  condition  of  affairs. 
The  best  thing  to  do  under  such  circumstances  is  to  throw 
one  regulator  out  of  action  and  make  the  machine  generate 
its  full-load  voltage  by  bl<x;king  the  regulator  or  setting  the 
brushes  at  their  position  of  maximum  E.  M.  F.  This 
machine  will  then  generate  a  constant  E.  M.  P.,  and  what- 
ever   changes    are  necessary   will    he   taken   care  of    by  the 


3G.     Nearly  all  arc  machines  use  copper  brushes.     An 

exception  to  this  is  the  Western  Electric  dynamo,  which  uses 
(graphite  or  carbon  brushes.  ThcT.  H.  and  Brush  machines 
use  thin  brushes,  consisting  of  one  thickness  of  rolled  copper 
about  AV.i  inch  thick.  The  brush  is  divided  into  a  number 
()f  finders  by  longitudinal  slits,  in  order  to  make  it  flexible. 
Hriishcs  of  this  kind  should  rest  on  the  commutator  tan- 
gentiiilly  and  should  be  sprung  or  bent  just  enough  to 
give  a  good,  firm  contact,  (lauges  for  setting  the  brushes 
are  generally  sent  with  the  machines.  The  copper  brushes 
used  on  the  Wood,  Excelsior,  Ball,  and  other  machines 
having  closed-coil  armatures  arc  made  up  of  a  number 
of  leaves  of  thin,  rolled  copper  {usually  from  .01  to  .015  inch 
in  thickness).  These  brushes  arc  set  at  a  slight  angle 
to  the  commutator,  so  that  the  end  wears  down  on  a 
bevel.  The  sparking  always  burns  ihe  ends  of  the  brushes 
more  or  less  and  draws  the  temper  from  llie  copper  for  a 


constant -pi  >tfntial  altcrnat<)rs  is  that  in  which  a  special  trans- 
furnicr  is  nsed  to  tr;insform  from  cimstant  potential  to 
Gunstant  current.     This  means  that  thii  transformer  must 


primary  coils  /'/*  and  /"  P'  and  two  movable  secondaries 
.S' .S' and  >S" '  5 '.  The  two  secondaries  are  counterbalanced 
against  each  other  by  means  of  the  levers,  sectors,  and 
chains  shown  in  the  figure,  so  that  when  the  load  is  light 
both  coils  occupy  a  position  near  the  center,  and  when  it  is 
heavy  they  both  move  towards  the  end  coils.  The  weight  w 
required  to  counterbalance  the  repulsion  effect  is  carried  by 
a  small  auxiliary  lever  /  that  projects  through  the  top 
of  the  case.  The  two  secondary  coils  may  be  connected 
in  series  to  feed  a  single  circuit,  or  they  may  be  connected 
to  two  circuits,  as  in  the  multicircuit  Brush  dynamo.  The 
whole  transformer  is  placed  in  a  corrugated  cast-iron  case 
filled  with  oil.  This  secures  good  insulation  and  makes  the 
movements  of  the  coils  smooth,  because  the  whole  moving 
system  acts  like  a  dashpot. 

40.     Constant-current  transformers  may  be  placed  either 
in  the  station  or  in  a  substalioii  at  a  convenient  point  near 
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station,  the  terminals  of  the  arc  circuit  in  this  case  being 
brought  to  the  plant.  At  B  the  regulator  is  shown  located 
at  a  convenient  point  out  on  the  line.     The  terminals  of  the 
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circuit  are  not  carried  back  to  the  station.  By  adopting 
this  latter  arrangement,  a  saving  in  copper  can  sometimes 
be  effected. 

51.  From  what  has  been  said  with  regard  to  lamps, 
dynamos,  and  the  various  systems  of  operation,  it  will  be 
seen  that  there  is  a  wide  range  of  choice  in  the  selection  of 
apparatus.  The  examples  that  have  been  selected  have 
been  taken  because  they  are  the  ones  that  have,  on  the 
whole,  been  most  widely  used  and  serve  to  bring  out 
the  main  points  connected  with  the  principal  systems  of 
operation. 

The  introduction  of  the  enclosed-arc  lamp  has  changed 
the  methods  of  arc  lighting  considerably  within  recent 
years  and  has  been  responsible  for  the  steadily  increasing 
use  of  alternating  current  for  this  purpose.  The  alter- 
nating-current  open-arc  lamp  stood  practically  no  chance 


several  circnits,  and  it  is  desirable  to  have  the  switchboard 
arranged  so  that  any  machine  may  be  connected  to  any  cir- 
cuit. It  is  also  necessary  to  arrange  things  so  that  a  circuit 
may  be  transferred  from  one  machine  to  another  while  in 
operation,  or,  if  necessary,  so  that  machines  or  circuits  may 
be  operated  in  series.  An  arrangement  of  switches  to 
accomplish  this  would  be  exceedingly  complicated,  and  arc- 
light  boards  are,  therefore,  of  the  plug  variety.  The  vari- 
ous connections  are  made  by  inserting  plugs  into  receptacles, 
the  circuit  being  completed  in  some  cases  by  flexible  cables 
and  in  others  by  the  plug  itself. 

53.     Operating  Circuits  In  Series. — Quite  frequently, 

when  the  number  of  lamps  in  one  circuit  is  insufficient  to  load 
up  a  dynamo,  two  or  more  circuits  are  connected  in  series,  at 
the  switchboard,  with  a  single  machine.  The  terminals  of 
the  circuits  should  be  marked  +  and  —  on  the  switchboard, 
the  -f  side   being  that   at   which   the   current   leaves  the 
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station  and  the  —  side  that  at  which  it  returns.  In  con- 
necting circuits  in  series,  the  —  end  of  one  circuit  should  be 
connected  to  the  +  end  of  the  other,  as  indicated  in  Fig.  25. 
If  two  —  ends  are  connected,  the  current  will  flow  through 
the  second  circuit  in  the  wrong  direction  and  the  lamps  will 
burn  *' upside  down.*' 

The   switchboard  is  usually  equipped  with  an  ammeter 
that  will  indicate  when  the  current  is  flowing  in  the  proper 
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direction.  Some  of  these  ammeters,  for  example,  the  Wes- 
L  m,  will  not  give  a  deflection  over  the  scale  unless  the  cur- 
rent flows  in  at  the  -|-  terminal.  Others  have  an  indica- 
ting attachment  that  shows  whether  the  current  is  flowing 
the  wrong  way  or  not.  It  goes  almost  without  saying  that 
series  arc  circuits  are  never  connected  in  parallel.  If  this 
were  done,  the  current  would  split  between  the  circuits  and 
the  lamps  would  not  operate  properly.  If  the  circuits  are 
supplied  with  alternating  current,  they  may  be  connected 
in  series  regardless  of  their  polarity,  as  both  carbons  burn 
nearly  alike  in  alternating-current  lamps. 


being  tiistinguished  hy  its  letter  j1  or  B.  The  terminals 
of  the  four  line  circuits  are  arranged  in  two  rows  in  the 
upper  part  of  the  board  and  are  marked  -\-l,  —1,  -\-3,  —2, 
~\-''i.  —3,  -f-- i,  —i,  each  circuit  being  distinguished  by  its 
number  7,  ;,',  .f,  or  J,.  The  ammeter  A  AT  is  mounted  in 
the  center  of  the  board  and  is  provided  with  terminals 
-(-and—.  The  Imard  itself  is  usually  made  of  a  good 
quality  of  marble.  Slate  is  in>l  a  nimd  material  for  arc 
boards,  as  it  is  liable  to  contain  metallic  veins.      It  must  be 


cable  directly  connecting  terminal  -\-A  and  +~'  may  now  be 
removed  without  opening  the  circuit  at  any  point  and  at  the 
same  time  throwing  the  two  circuits  1  and  ~  in  series. 

liH,  Hoard  AVlthoiit  Cables.— Where  a  large  number 
of  machines  and  circuits  are  operated,  the  number  of  cables 
hanjjinji  around  the  front  of  the  board  becomes  so  great  that 
they  are  in  the  way  when  transfers  are  being  made.  In 
order  to  overcome  this  objection,  boards  have  been  devised 
that  do  away  with  cables  almost  entirely.  Some  very  large 
lioards  have  been  made  on  this  plan.  At  present,  the  use  of 
large  multicircuit  machines  has  resulted  in  a  reduction  of 
the  number  of  dynamos  needed  for  any  one  station,  and  there 
seems  tii  be  a  tendency  to  go  back  to  the  style  of  board 
using  cables.  The  simple  cable  board  is  no  doubt  cheaper 
than  the  other  type  and  if  properly  built  will  give  excellent 
service.  Mon-ovur,  with  the  cable  ty|ie  of  board  the  attend- 
ant can  sec  at  a  glance  just  what  connections  he  has  made. 


of  one  of  these  boards  and  indicates  the  location  of  the  posi- 
tive ;in(i  negative  ttnninals  of  the  dynamos  and  circuits. 
Ki^.  -i'.*  gives  an  iclt;a  as  to  the  method  of  mounting  the 
bushings  and  is  self-explanatory.  Bushings  ii  are  the  ones 
used  for  connecting  circuits  in  series.     The   board   shown 


dynamo  ^(  is  operating  circuit  /';  dynamo  B,  circuit  £"; 
dyii;imi)  C,  circuit  3'.  This  will  be  apparent  by  referring  to 
\-\^.  '-W.  The  vertical  lines  here  represent  the  vertical  bars, 
in  which  the  breaks  are  indicated  by  open  spaces.  The 
black  circles  represent  the  plugs,  and  are  supposed  to  con- 
nect the  twii  terminals  between  which  they  are  inserted. 


a  maple  handle;  A  is  a  spiral  spring  that  causes  the  sleeve  f 
to  sli<lc  over  the  contact  piece  (•  when  the  I  lug  is  pullit! 
out,  so  that  IfV  the  time  the  plug  is  pulk-il  entirely  out  of 
tin:  boanl,  the  cr.ntact  ^  is  completely  covered  and  there  is 
no  ilan^er  of  the  attendant  coming  into  contact  with  it. 
Whi-n  a  jiliig  is  inserted,  the  nuse  nf  the  sleeve  F  comes 
against  casting  C  ,  and  as  the  plug  is  pushed  on  in,  contact  /> 
jiassi-s  thnnigh  the  hole  in  ("and  is  held  by  the  spring  s. 
'I'hi-se  jacksarc  usually  mounted  in  pairs  connected  together, 
s<i  thai  transfers  may  be  made  without  o|>ening  the  circuit. 

111.  VW-Hl.-rn  KIcctric  I'liijjc  and  Jiick.— Fig.  34  shows 
an  iMi|irovi:d  form  of  jack  and  plug  that  is  used  by  the 
\V<st'trti  I'^lcctrii;  Company.  It  consists  of  a  main  jack  ..-J 
and  I  M'o  snialliT  jacks  />',  />',  which  are  used  in  making  trans- 
fers. Tlic  sjiringsi-;.  /',  /'  hold  the  plugs  in  place  by  engaging 
ihi-  ;;iip.ivi-  on  llir  end  of  the  lilug.  This  plug  also  has  a 
h.uil  iiiblur  sU.vu  (  that  sli<lcs  over  the  metallic  terminal  rf 


^ 


made  by  means  of  a  clamp 
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connector,  somewhat  similar  to  that  shown  in  Fig.  36  (a). 
Different  methods  are  used  for  stretching  the  wires  on  the 
frame,  but  they  should  always  be  mounted  so  that  they 
will  be  thoroughly  insulated.  On  this  account  the  wire 
should  be  passed  through  porcelain  or  glass  insulators 
at  each  end,  as  indicated  in  Fig.  36  {d).  The  wires  are 
stretched  tightly  by  screwing  up  on  the  nut  n  and  the  line 
wire  attaches  to  terminal  /. 


? 


INTERIOR    WIRING. 

(PART  1.) 


PRELIMINARY  COI^SLDERATIONS. 

1.  In  the  work  of  every  artisan  there  are  certain  factors 
that  must  never  be  overlooked  and  certain  conditions  that 
must  always  be  fulfilled  before  the  final  object  of  the  work 
can  be  reached  or  even  approached. 

In  electric  wiring,  the  ultimate  object  is  the  conveying 
of  the  electricity  to  the  lamp,  bell,  motor,  or  other  device 
that  is  to  be  operated.  But  this  must  be  done  in  a  proper 
manner;  otherwise  danger,  unsatisfactory  operation,  and 
waste  ar^  sure  to  result. 

2.  There  are  four  things  that  should  be  considered  in 
every  electric  installation.  They  are  {a)  safety,  (d)  satis- 
factory operation,  (c)  convenience  and  neatness,  and  (d)  econ- 
omy. The  first  of  these  considerations  is  by  far  the  most 
important  in  all  ordinary  wiring.  Therefore,  the  electrical 
artisan  should  understand,  first  of  all,  what  are  the  sources 
of  danger  in  the  use  of  electric  currents  and  then  what 
precautions  are  necessary  and  what  ccmditions  must  be 
complied  with  to  avoid  these  dangers.  When  he  thor- 
oughly understands  these  things,  he  should  learn  how  to 
make  his  work  satisfactory  in  other  respects  and  profitable 
to  himself. 

The  same  causes  that,  under  certain  conditions,  make 
electricity  dangerous  to  life  also  make  it  a  source  of  fire 
hazard.     There  are  also  conditions  under  which  an  electric 
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times  occur  outside  of  the  buildings,  against  the  results  of 
which  the  present  accepted  devices  for  the  protection  of 
inside  circuits  are  not  sufficient.  The  failure  of  a  lighting 
company  to  use  proper  lightning  arresters  and  transformers 
or  to  properly  insulate  the  outside  wires  may  cause  trouble 
within  a  building  where  the  wiring  is  properly  done. 


THE  N-ATIONAL  F.LECTniCAL  CODE. 

4.  When  electric  lights  first  came  into  general  use,  the 
insurance  companies  discovered  that  there  were  many  fires 
of  electrical  origin,  the  wiring  done  on  the  first  installations 
being  of  very  inferior  workmanship.  The  various  associa- 
tions of  underwriters,  therefore,  formulated  rules  in  accord- 
ance with  which  they  required  that  all  wiring  be  done  or 
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burned  ^-inch  hole  in  pipe  and  set  fire  to  escaping  gas. 

H'i.  Fire  in  basement  of  building  caused  by  accumulation 
of  sodium  salt  on  back  of  three-wire  molding  run  on  brick 
wall.  Trouble  occurred  at  a  point  where  a  nail  had  been 
driven  throujjh  molding  into  wall, 

•i'3.  Short  circuit  in  fixture  canopy  ignited  ceiling  above 
fixture.  Fire  also  occurred  at  same  moment  in  cabinet  at 
center  of  distribution.  It  was  found  on  inspection  that  the 
branch  cut-out  contained  copper  wire. 

'Zi.  An  ignorant  workman  installed  a  lighting  circuit  in 
lead-c<)vered  cable,  fastening  same  to  iron  ceiling  with 
staples,  breakdown  of  insulation  of  cable  set  fire  to  ceiling, 
when  it  was  found  that  no  main  switch  had  been  installed 
and  current  could  not,  therefore,  be  cut  off. 

"J.i.  Switch  on  elect ric-lij:;ht  circuit  was  mounted  in  dry- 
tore    at  a   point    where    draperies    came    in  contact 


special  reference  to  the  voltage  and  current  with  which  it  is 

to  be  used. 

9.  The  filament  is  mounted  on  the  ends  of  leadtagr-ln 
■wlrt's  of  platinum,  which  pass  through  a  glass  neck  or 
stiipper.  The  outer  ends  of  these  platinum  wires  are  sol- 
dered to  copper  wires  that  are  connected  to  the  proper  parts 
of  the  lamp  base  when  all  the  other  work  on  the  lamp  is 
finished.  The  shell  of  the  lamp  base  is  filled  with  piaster  of 
Paris,  which  holds  the  lamp  firmly  in  place. 

10.  The  connecting  of  the  filament  to  the  leading-in 
wires  is  usually  done  with  a  carbon  paste  and  is  an  impor- 
tant operation,  for  the  lamps  and  filaments  frequently  oreak 
at  this  point. 

11.  The  lamp  (rlobo  surrounds  the  filament  and  is  air- 
tight. All  the  air  within  it  is  exhausted  to  a  very  high 
degree.      The   exhaustion    is   important   in   all   lamps  and 


the  practice  formerly  and  by  enclosing  the  arc  in  a  small 
globe,  so  that  free  air  could  not  reach  it  to  burn  the  carbons 
rapidly,  as  in  the  open  arc,  the  voltage  at  the  arc  could 
be  increased  to  70,  80,  or  90  volts  and  the  current  reduced  to 
4  or  5  amperes. 

21.  In  open  arcs,  the  light  is  produced  almost  entirely 
on  the  positive,  or  upper,  carbon  surface,  and  the  combustion 
of  the  carbon  vapor  produced  at  the  arc  is  essential  to  the 
operation  of  the  lamp.  In  enclosed  arcs,  a  large  amount  of 
light  is  produced  in  the  arc  itself,  which  is  from  ^  to  i  inch 
long. 

Not  only  is  it  possible  to  produce  these  long,  high-voltage 
arcs,  but  it  is  necessary  to  have  an  arc  of  at  least  70  volts, 
if  it  is  well  enclosed.  Shorter  enclosed  arcs  decompose  the 
carbon  of  the  positive  pole  and  deposit  it  in  the  form  of  lamp- 
black on  the  negative  one,  thus  obscuring  the  light  altogether. 


25.     Enclosecl-arc  lamps  for  alterna 

ting  currents  are  quite 

simple  to  operate  ami  are   efficient. 

While  the  arc  itself 

does  not  give  as  much  light  as  an  8it-vi 

.ill  continuous-current 

arc  of  the   same  watts   input,  there  i: 

s  not  so  much  power 

lost  in  artificial  resistance  for  regulati 

ng  purposes. 

gkxp:i{al  rules. 

2fi.  In  wiring  lor  electric  lights  and  power,  there  are 
certain  rules  that  apply  equally  to  all  systems  and  voltages. 
These  rules  will  be  our  first  study.  In  what  follows,  rules 
taken  from  the  National  Electrical  Code  are  printed  as 
below  to  distinguish  them  from  the  explanations  and  other 
matter.  In  must  lucalilies  thu^c  rules  have  the  force  of 
laws. 


'^ 


capacity.    Especial  care 
must  be  taken  in  haiid- 


iil  easily  cut  or  broken. 

pper  wire  will  make  it 
liable  to  break  easily. 
In  recovering  the 
wire  with  insuiatinn 
tai>c,  a  sufficient 
amount  of  tape  must 
be  iiseO  to  afford  am- 
ple protection.  Where 
rubber-covered  wires 
are  spliced  or  joined, 
two  kinds  of  tape  must 
be  used,  the  first  of 
pure  rubber  softened 
cloth   saturated  with  a 
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30.  Carrying:  Capacities  of  Wires. — As  any  wire  car- 
rying an  electric  current  is  somewhat  heated,  it  is  necessary 
to  know  how  much  current  can  safely  be  carried  on  a  wire 
of  a  given  size.  The  foregoing  table  (Table  III)  supplies 
this  information. 

Table  of  Carrying:  Capacity  of  Wires. — 

The  accompanying  table  (Table  III),  which  must 
be  followed  in  placing  interior  conductors,  shows  the 
allowable  carrying  capacity  of  wires  and  cables  of 
98  per  cent,  conductivity,  according  to  the  stand- 
ard adopted  by  the  American  Institute  of  Electrical 
Engineers. 

The  lower  limit  is  specified  for  rubber-covered  wires  to  pre- 
vent gradual  deterioration  of  the  high  insulation  by  the  heat 
of  the  wires,  but  not  from  fear  of  igniting  the  insulation. 
The  question  of  drop  is  not  taken  into  consideration  in  the 
above  table. 

The  carrying  capacity  of  Xos.  16  and  18  wire  is  given,  but 
no  smaller  than  No.  14  is  to  be  used,  except  as  allowed  for 
fixture  work  and  flexible  cord. 


31,  Wire  Gaug^es. — It  sometimes  happens  that  wires  of 
scant  size  are  sold  to  the  unwary.  A  workman  constantly 
using  wires  of  various 
sizes  soon  learns  to 
gauge  the  size  of  wires 
by  his  eye,  but  it  is 
better  to  use  a  wire 
gauge  frequently  to 
avoid  mistakes.  A  wire 
of  given  size  should 
just  enter  the  slot  in- 
tended for  that  size  in 
the  style  of  gauge 
shown  in  Fig.  10. 
Gauges  in  the  form 
of  a  vernier  caliper, 
measuring  the  diameter 
of  the  wire  in  mils,  are  usually  more  accurate:.  A  rnil  is 
another  name  for  a  thousandth  of  an  inch ;  for  example,  a 
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1  /.-//  hi-  lonsidtrtd  as  a  Ic'-- 
less  than  oV)  'f^JZ  clmin,  und^r  :::is  cla::. 
potential  circuit  ^"f  I'^r.rmin-  Jr.  uc  is  us-. d  u.  v 
^unless  an  apPror^J  *:%,ntial  doun  tr  1"  :  .'.v  r 
11  "m^'^r/Iinuit  not  to  c.cccd  a r^un::a. 

_«  la  mlMKl  alwve  :JOi)  volt~  on 
liefore  P^^f  l*!:i,«tin«  s«vstem  of  wiring.  th«- 
any  vy^^^^'T^V'^itS'  br..u«ht  up  to  all  of 
Se  •iS.iSm!fnt«  of  tlie  rule,  at  date. 

.'  ,-,   recently    low-potential   systems  w^re   •.in-.i- :   :. 
'Km  volts  or  under,  but  the  iimii-  »•» 

Z  vo  cannot  be  applied  to  old  systems  un...  :..  a.  v. 
rl  is  complied  with.  Low-pAent.al  systems  are  u.....y 
Lstant-potential  systems  also:  that  is.  t^e  >..:en::a:  -..r  :.re^. 

sure  between  the  terminals  of  the  machine  •  t  at  .orr.e  -n- 

nite  points  on  the  line  is  alm^^t  uniform.     On.y  -..r>:ar.-.. 

potential  systems  will  be  considered  under  th>  r.eac:r.;r. 
A  few  general  rules  apply  to  the  various  k.r.di  M  ^   zc 

under  these  systems.     They  are  as  foliowi. : 

33.    General  Rules.— 

Wires— 

a.  Must  be  so  arraii|ce<l  that  under  no  r-lr- 
eumstances  shall  there  he  a  clllTewn^r  of  |K#t<'n- 
tial  of  over  300  Tolts  between  any  Itftrc  metal 
in  any  distrlbntlnflf  s^ritch,  c-nt-ijut  <-ab]n#rt.  or 
equivalent  eenter  of  distribution. 

b.  Must  not  be  laid  in  plaster,  '.emer.:.  ^r  -iT..- 
lar  finish  and  must  never  be  i2L'i\ftn*'A  v:*/r.  rt^:/.*:-. 

c.  Must  not  be  fished  for  anv  ^jreat  'ii-tar.'  *:, 
and  only  in  places  where  the  inspe^nor  'ar.  %at:-v. 
himself  that  the  rules  have  been  comp".:*:':  -*:•.;-.. 

d.  Twin  wires  must  never  be  -ivrc.  ex  .*::.•.  >. 


conduits  or  where  flexible  conductors  ar-:  r.- 


'  ':..c' 


^.  Must  be  protected  on  side  wa'.^  f  r',rr.  ::." 
ical  injury.  When  crossing  fl^^^r  lin-.'vrrr  :r. 
or  in  rooms  where  they  might  be  tx^urr^A  \\  :r.-  :r . 
wires  must  be  attached  by  their  insilat- .;:  -  ::/>.r'- 
to  the  under  nde q  strip  :.  •/        '-.re.- 

i  inch  in  thirlrMg  «  thar.  :;  :r.  r.--. 

width.  ^^ 


damp,  leakage  takes  place,  the  wire  is  gradually  dissolved 
by  electrolysis,  and  finally  it  becomes  so  thin  that  it  can- 
not carry  its  current  without  excessive  heating  and,  per- 
haps, not  without  melting.  While  there  are  many  places 
where  wires  embedded  in  plaster  have  been  used  for 
years  without  serious  trouble,  because  of  the  dryness 
of  the  buildings  where  they  are  in  use,  trouble  may 
develop  at  any  timt:  and  the  practice  is  always  a  danger- 

The  second  part  of  (ii)  is  inserted  as  a  direct  prohibition 
against  running  electric-light  wires  as  bell  wires  are  usually 
put  up.  Staples  not  only  do  not  insulate  the  wire,  but  are 
likely  to  cut  into  the  insulating  covering  already  on  it. 
Rule  (r)  is  to  prevent  the  location  of  wires  where  it  is 
impossible  to  know  that   they  are  properly  supported  and 


28 


INTERIOR  WIRING. 


SM 


Referring  to  the  diagram,  Fig.  12,  observe  the  following: 
When  the  currents  in  the  two  outside  wires  are  equal  in 
amount,  no  current  passes  over  the  neutral  wire;  but  when 
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the  currents  are  not  equal,  that  is,  when  more  lamps  or 
motors  are  on  one  side  of  the  neutral  wire  than  on  the 
other,  the  ** difference  current"  flows  on  the  middle  wire. 

38.  The  advantage  of  this  system  is  that  with  lamps  of 
any  given  voltage  it  is  possible  to  save,  in  the  amount  of 
wire  required.  In  the  outside  lines  of  the  lighting  company 
is  where  the  greatest  saving  is  effected,  because  the  neutral 

wire  is  there  much  smaller  than  the  outer  ones,  and  three 
wires  arc  used  instead  of  four,  which  would  have  to  be  run 
if  the  generators  were  operated  independently.  In  interior 
wiring,  the  savinjr  is  not  so  j^reat,  because  the  neutral  wire 
must  be  larj^e  enouj^^h  to  carry  the  current  in  case  all  the 
load  is  turned  off  one  side  of  the  circuit,  as  would  be  the  case 
if  the  fuse  on  one  side  should  l)low  and  that  on  the  other 
side  did  not,  and  because  in  small  installations,  where 
unbalancing  is  likely  to  occur,  three-wire  mains  must  be 
lar.i^e  to  reduce  this  trouble  to  a  minimum.  This  subject  is 
explained  later. 

31).  The  three- wire  system  also  has  some  disadvantages. 
Its  most  objec^tionable  feature  is  that  if  any  one  line  is 
opened,  as  by  the  blowinj^  (;f  a  fuse  on  one  line  only,  the 
system  is  unbalanced  and  a  voltajj^e  higher  than  that  intended 
for  the  apparatus  is  thrown  on  the  lines,  unless  the  line  loss 
is  very  small  indeed.     If  it  is  the  middle  wire  that  opens, 
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the  whole  320  volts  may  be  thrown  on  llO-volt  .ipparatus, 
if  the  system  is  much  unbalanced.  Fur  this  reason  some  Edi- 
son companies  refuse  to  place  cut-outs  on  the  neutral  wire; 
hut  the  main  switch  should  in  all  cases  open  all  three  lines. 
Another  weakness  of  the  three-wire  system  is  the  fact  that 
there  is  more  danger  in  320  v(tlts  than  in  110,  and  a  shock 
received  from  a  220-volt  circuit  may  be  very  severe.  The 
wirin}^  is  s<»mewhat  more  complicated,  but  owing  to  the 
saving  in  line  materials,  the  Edison  three-wire  system  has 
iHjen  introduced  to  a  very  great  e.\tent  and  still  meets  with 
much  favor  in  new  installations,  besides  extending  the  net- 
work of  its  wires  from  existing  stations.  Lately  it  has  had 
a  new  competitor  in  the  220-volt  two-wire  system,  which 
has  grown  in  popularity  with  the  perfecting  of  the  220-volt 
incandescent  lamp. 

40.  It  is  the  usual  practice  to  run  the  three  wires  no 
farther  within  the  building  than  to  the  centers  of  distri- 
bution, and  from  these 
centers  to  use  the  two- 
wire  system,  dividing  the 
circuits  as  equally  as  pos- 
sible on  the  two  sides 
of  the  three-wire  cir- 
cuit, as  shown  in  the 
sketch,  Fig.  13.  By  this 
means,  the  branch  lines 
are  fused  on  both  sides 
and  amply  protected 
against  excessive  cur- 
rents, though  not  against 
high  voltage.  If  the 
neutral  wire  within  the 
building  is  protected  by  u 
fuse  as  large  as  that  in 
either  of  the  other  main 
wires,  the  danger  of  that 
line  opening  is  very  small.  p,u.  i^ 
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41*  There  is  a  method  of  miming  wires  on  the  two-wire 
plan  that  is  sometimes  confused  with  the  three-wire  system; 
this  is  illustrated  in  Fig.  14.  In  this  method  the  middk 
wire  carries  the  whole  current  and  each  of  the  two  outside 
wires  carry  what  current  is  necessary  for  the  lights  on  its 
side.     This  method  effects  no  saving  of  copper;  in  fact,  it 
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often  requires  more  than  the  two>wire  system  would,  because 
the  three  wires  must  generally  be  of  the  same  sise,  as 
explained  under  the  subject  of  cut-out  protection.  The 
object  of  the  arrangement  is  solely  to  make  it  possible  to 
turn  off  a  number  of  the  lights  without  running  four  wires. 
The  Underwriters  will  not  permit  it  with  more  than 
600  watts  on  a  side. 

4ti,  Systems  like  the  three- wire  system,  but  using  more 
wires  and,  consequently,  more  generators,  have  been  pro- 
posed; but  none  of  them  have  come  into  commercial  use  to 
any  extent  in  the  United  States,  because  they  are  easily 
unbalanced,  because  some  of  them  give  voltages  too  high  for 
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interior  wiring  (550  volts  being  the  limit  of  low-tension 
working),  and  because  they  are  too  complicated.  They  are 
used  to  some  extent  on  the  continent  of  Europe.  Fig.  15  is 
a  diagram  of  such  a  system.  No  fittings  are  shown,  but 
they  must  be  numerous  and  complicated  to  make  the 
arrangement  approximately  practicable. 
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MULTIPHASE  8TSTEMS. 

43.  There  are  several  systems  for  alternating  currents 
only,  known  as  nmltiphase  sj-stems,  that  require  three 
or  four  wires.  These,  especially  the  three-phase,  the  two- 
phase,  and  the  niPHOcyclic  systems,  are  very  important,  and 
diagrams,  with  brief  descriptions  of  the  essential  connec- 
tions, are  therefore  given.  Fig.  l(i  represents  lamps  con- 
nected on  a  three-phai!ie  circuit,  which  requires  three 
wires  of  equal  size.  The  voltage  is  the  same  between  any 
two  wires,  and  it  is  desirable  to  divide  the  lights  equally 


across  the  three  pairs  of  lines,  as  shown.  The  sizes  of  wires 
for  the  branch  lines  (two-wire  circuits)  may  be  calculated  as 
for  any  other  two-wire  circuit,  as  is  explained  later.  The 
mains  are  of  the  same  size  as  would  be  required  if  there  were 
four  wires,  two  on  each  of  two  separate  two-wire  circuits 
carrying  the  same  total  number  of  lamps.  This  system  is 
easily  unbalanced  if  the  lamps  are  not  equally  divided. 
Cut-outs  and  switches  (not  shown  on  the  sketch)  must  pro- 
tect all  three  wires, 

44.  In  a  three-phase  system,  like  that  shown  in  Fig.  10, 
the  current  in  the  main  wires  is  found  by  multiplying  the 
current  in  the  branch  circuits  by  t^if=  1.73.  This  assumes 
that  the  load  on  the  three  phases  is  balanced,  as  it  should  be 
in  practice.     This  may  be  written  in  the  form 

C.  =  C,X  1.73,  (1.) 

where  C_  =  current  in  each  of  the  main  wires ; 

C"t  =  current  in  branches. 


unbalanced.  Three  wires  are  run  to  the  motors.  Two- 
phase  systems  are  generally  installed  as  two  separate  two- 
wire  systems,  four  wires  being  run  to   the  motors  and  the 


lights  being  divided  equally 


two  two-wire  circuits. 
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current  in  each  of  the  four  wires  will  be  one-half  that  which 
would  flow  if  all  the  lamps  were  operated  on  a  regular  two- 
wire  system. 

46.  The  monocyclic  system  is  used  only  in  transmission 
and  in  connection  with  motors.  Wiring  for  lights  on  a 
monocyclic  circuit  is  just  the  same  as  on  any  other  two-wire 
circuit  of  the  same  voltage.  The  third  wire  is  brought  in  only 
when  a  motor  is  installed.     For  its  connections  see  Fig.  19. 
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Fig.  19. 

47.  Generally  speaking,  multiphase  circuits  are  used  in 
transmission  of  power  only,  and  not  to  distribute  current  to 
individual  lamps.  For  final  distribution,  two-wire  circuits 
should  be  used,  and  either  connected  with  the  three  or  four 
multiphase  lines  at  the  distribution  center  or  supplied  with 
single-phase  current  by  the  use  of  suitable  transformers. 

48,  House  wiring  should  consist  of  two  distinct  portions : 
the  (ILstrlbutlon  circuits,  which  run  from  the  lamps  to  a 
center  of  distribution  and  which  should  always  be  two- 
wire  circuits,  and  the  mains,  which  run  from  the  outside  lines 
to  the  distribution  center  and  which  must  conform  to  the 
requirements  of  the  particular  system  to  be  used.  If  mains 
must  be  installed  before  it  is  known  what  system  is  to  supply 
current,  it  will  be  sufficient  to  run  four  separate  wires  of 
the  size  required  if  the  lamps  were  to  be  divided  equally 
between  two  separate  two-wire  systems.  This  will  make  it 
possible  to  connect  to  any  system  operating  at  the  voltage 
for  which  the  wiring  calculations  are  made. 
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SWITCHES  AJSTD  CUT-OUTS. 

49*  There  are  certain  devices  for  the  protection  of  con- 
stant-potential systems  that  are  necessary  no  matter  what 
voltage  is  used.  Should  anything  happen  to  damage  the 
wiring,  it  is  necessary  that  the  wires  be  disconnected  from 
the  source  of  supply  of  current  with  the  least  possible  delay. 
The  devices  for  this  purpose  that  are  operated  by  hand  are 
called  switches.  Those  that  work  automatically  are  called 
automatic  cut-outs.  These  latter  are  of  two  kinds,  ftiae 
blocks  and  circuit-breakers. 

Both  a  switch  and  an  automatic  cut-out  must  be  placed  at 
or  near  the  place  where  wires  enter  a  building.  They  mu^ 
also  be  placed  at  various  other  points  on  the  wiring. 

50.  The  object  of  the  cut-out  is  to  protect  the  wires  and 
the  devices  connected  to  them  from  damage  due  to  the 
presence  of  too  much  current  from  any  cause  whatever. 
The  ordinary  cut-out  consists  of  a  porcelain  base  that  carries 
suitable  terminals  for  holding  a  piece  of  fusible  wire,  or  ftue, 
which  melts  and  opens  the  circuit  whenever  the  current 
becomes  excessive.  Not  only  must  the  cut-out  protect  the 
lines  when  there  is  trouble,  but  it  must  be  so  placed  that  it 
can  be  reached  to  replace  the  fuse  or  reset  the  circuit- 
breaker  when  the  trouble  is  remedied.  It  must  also  be 
arranj^ed  so  that  the  blowinj^  of  a  fuse  or  the  opening  of  a 
circuit-breaker  cannot  do  any  damage. 

51.  Switches  are  designed  to  disconnect  the  lines  from 
the  source  of  electricity,  not  only  when  there  is  trouble,  but 
when  convenience  requires,  as  in  turning  off  lights,  starting 
and  stopping  motors. 

CIrcult-broakers  are  not  as  commonly  used  in  interior 
wiring  work  as  are  fusible  cut-outs.  They  are  automatic 
switches  controlled  by  an  electromagnet  and  are  made  in  a 
nunil)er  of  different  styles.  Whenever  the  current  exceeds 
that  for  which  the  circuit-breaker  is  adjusted,  the  electro- 
magnet attracts  its  armature  and  releases  the  switch,  thus 
opening  the  circuit. 
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are  small  so  that  they  will  go  between  the  shells  of  fixtures 
and  the  gas  pipe  within. 

c.  Must  be  in  plain  sight  or  enclosed  in  an 
approved  box  and  readily  accessible.  They  must 
not  be  placed  in  the  canopies  or  shells  of  fixtures. 

This  rule  (r)  precludes  the  use  of  the  small  cut-outs  that 
it  was  customary  at  one  time  to  place  within  the  fixture 
canopies. 

d.  Must  be  so  placed  that  no  set  of  incandes- 
cent lamps,  whether  grouped  on  one  fixture  or 
several  fixtures  or  pendants,  requiring  more  than 
6G0  watts  shall  be  dependent  on  one  cut-out.  Spe- 
cial permission  may  be  given  in  writing  by  the 
Inspection  Department  having  jurisdiction  for  der 
parture  from  this  rule  in  the  case  of  large  chan- 
deliers, stage  borders,  and  illuminated  signs. 

On  52-  or  110-volt  circuits  this  is  equivalent  to  not  more 
than  twelve  16-candlepower  lamps;  on  230- volt  circuits,  not 
more  than  ten  16-candlepower  lamps.  It  is  best  to  stay 
well   under   this  limit,  say  about  six  lamps  to  a  cut-out, 

except  in  the  special  cases  mentioned  in  the  rule. 

c.  ^lust  be  provided  with  fuses,  the  rated 
cai)acity  of  which  docs  not  exceed  the  allowable 
carrying  capacity  of  the  wire,  and  when  circuit- 
breakers  arc  iisccL  thcv  must  not  be  set  more  than 
about  .')()  per  cent,  above  the  allowable  carrying 
capacity  of  the  wire,  unless  a  fusible  cut-out  is  also 
installed  in  tlu^  circniit. 

This  is  very  important.  A  fuse  block  not  properly  fused 
is  of  no  use  whatever.  Irresponsible  parties  sometimes 
place  fuses  much  too  lar^e  to  j)rotect  the  wire  and  which 
will  destrov  the  cut-out  if  thev  should  ever  blow,  besides 
doinj^  other  damage.  Sometimes,  also,  fuse  bloc^ks  are 
found  having  copper  wire  where  the  fuses  should  be;  of 
course,  they  are  of  no  use  with  such  connections. 

5ti.  Circuit-breakers  may  be  set  so  as  to  work  with 
greater  accurac^y  than  fuses:  they  resj)ond  quicker  to  sud- 
den overloads,    for  fuses   recpiire  a   little   time  to  get   hot 
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enough  to  melt.  For  this  reason,  circuit-breakers  may  be 
set  for  higher  currents  than  fuses.  If  they  are  not  so  set, 
they  will  give  trouble  by  opening  the  circuit  on  momentary 
overloads  that  would  not  be  sufficient  to  melt  the  fuses. 
Circuit-breakers  are  usually  installed  to  protect  machines, 
while  fuses  protect  wires  and  cables  of  the  smaller  sizes. 
Very  large  fuses  should  be  avoided  and  circuit-breakers  used 
ii  their  stead.  The  largest  currents  should  be  cut  off  indi- 
rectly, as  by  lowering  the  voltage  and  shutting  down  the 
generator.  But  such  very  large  currents  are  only  used  in 
special  low-voltage  work,  in  electrochemical  processes,  and 
electric  furnaces. 

53,     Rules  Relatiugr  to  Switches. — 
Switches — 

a.  Must  be  placed  on  all  service  wires,  either 
overhead  or  underground,  in  a  readily  accessible 
place,  as  near  as  possible  to  the  point  where  the 
wires  enter  the  building,  and  arranged  to  cut  off 
the  entire  current. 

b.  Must  always  be  placed  in  dry,  accessible 
places  and  be  grouped  as  far  as  possible.  Knife 
switches  must  be  so  placed  that  gravity  will  tend  to 
open  rather  than  close  the  switch. 

c.  Must  not  be  single-pole  when  the  circuits 
that  they  control  supply  devices  that  require  over 
G60  watts  of  energy  or  when  the  difference  of 
potential  is  over  300  volts. 

This  rule  {c)  is  important,  because  it  restricts  the  number 
of  lamps  so  severely. 

d.  Where  flush  switches  are  used,  whether  with 
conduit  systems  or  not,  the  switches  must  be 
enclosed  in  boxes  constructed  of  or  lined  with  fire- 
resisting  material.  No  push  buttons  for  bells,  gas- 
lighting  circuits,  or  the  like  shall  be  placed  in  the 
same  wall  plate  with  switches  controlling  electric- 
light  or  power  wiring. 

This  requires  an  approved  box  in  addition  to  the  porce- 
lain enclosure  of  the  switch. 


50  per  cent,  above  and  with  a  voltage  25  per  cent, 
above  the  current  and  voltage  for  which  they  are 
designed. 

d.  Circuit-breakers  must  operate  successfully, 
under  the  most  severe  conditions  they  are  liable  to 
meet  with  in  practice,  on  short  circuits  when  set  at 
50  per  cent,  above  the  current  and  with  a  voltage 
25  pt:r  cent,  above  that  for  which  they  are  designed. 
f.  Must  be  plainly  marked,  where  it  will  always 
be  visible,  with  the  name  of  the  maker  and  the  cur- 
rent and  voltage  fur  which  the  device  is  designed. 
Fuses — 

a.  Must  have  contact  surfaces  or  tips  of  harder 
metal  having  perfect  electrical  connection  with  the 
fusible  part  of  the  strip. 

b.  Must  be  stamped  with  about  80  percent,  of 
the  maximum  current  they  can  carry  indefinitely, 
thus  allowing  about  25  per  cent,  overload  before 
fuse  melts. 


OPEN  WORK  IN  DRY  PLACES. 

56.  Open  work  is  generally  used  in  factories,  ware- 
houses, mills,  and  other  places  where  there  is  no  objection 
to  having  the  wires  in  plain  sight,  or  iti  old  buildings, 
where  the  expense  of  concealed  work  overbalances  the 
objectionable  appearance  in  the  mind  of  the  owner  of  the 
house  or  of  the  tenant.  It  is  the  cheapest  kind  of  construc- 
tion and  very  often  the  safest.  We  will  study  how  to  wire 
a  building  by  means  of  simple  e.tamples. 


HIMri.K   KXAMIM.K  OF   FACTOItV   WIBING." 

67.    Consider  a  fai.:tiiry,   such  as  a  long  machine  shop, 
vhere  there  is  but  one  floor  to  be  wired.      It  is  proposed  to 
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lamps  on  the  so-called  tree  system ;  that  is,  with  but  one 
set  of  mains  or  feeder  wires  leaving  the  dynamo  and  with 
other  lines  branching  from  these  mains  to  the  points  where 
lamps  are  required.  Let  Fig.  30  represent  the  outlines  of 
such  a  factory,  in  which  incandescent  lamps  are  to  be  hung 
on   lamp   cord   at   the  points  marked    X    and  enclosed-arc 
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Pig.  30. 

lamps  are  to  be  placed  where  the  marks  O  are  shown.  Let 
us  first  consider  what  is  the  cheapest  way  in  which  this 
factory  can  be  wired  in  order  to  satisfy  the  Underwriters; 
then  we  will  see  what  modifications  can  be  made  to  better 
the  light,  improve  the  system,  and  make  it  more  convenient 
and  economical  in  operation. 

58.  We  will  assume  that  each  incandescent  lam[)  is  to 
be  allowed  56  watts.  Some  good  lamps  take  less  power, 
but  it  is  not  safe  to  count  on  le.ss.  We  also  assume  that 
each  enclosed  arc  is  to  take  5  amperes  while  burning  and 
Vl  amperes  to  start  on.  There  are  40  incandescent  lamps 
and  6  arc  lamps  to  be  wired. 

55  (watts)  -7-110  (volts)  =  .5  (ampere  per  lamp), 
40  X    .5  =  20  (amperes  for  incandescent  lamps), 
6x5     =30  (amperes  for  arc  lamps), 

Total  amperes  =  50, 

which  must  be  carried  on  the  mains  for  a  short  distance  at 
least. 

Referring  now  to  the  table  of  Safe  Carrying  Capacities 


distance  between  suppi)rts  should  be  shortened.  In  build- 
ings o(  mill  construction,  mains  <if  No,  8  B-  &  S.  wire  or 
over,  where  not  liable  to  be  disturbed,  may  be  separated 
about  4  Indies  and  run  from  timber  to  limber,  not  breaking 
around,  and  may  be  supported  at  each  timljer  only. 

This  rule  will  not  be  interpreted  to  forbid  the  placinft  of 
the  neutral  of  a  three-wire  system  in  the  center  of  a  three- 
wire  ck'ut,  providetl  the  outside  wires  are  se]>arated  2}  inches. 

Slow-burning  weather -proof  wire  JR  cheajKir  than  rubber- 
covered  wire  and  is  suitable  for  this  purpose.  Various 
manufacturers  make  it.  The  followinjf  specifications  wil! 
enable  the  wirenian  to  determine  whether  wire  offered  him 
is  tip  to  the  staiidiird. 

Sluw-Uiiriiln^  Weathcr-Pwiof. — 

a.  The  insulation  shall  consist  of  two  coatings, 
one  to  be  fireproof  in  character,  the  other  to  be 
weather-proof.  The  inner  fireproof  coating  must 
eompripie  at  least  ,*„  of  the  total  thickness  of 
the   wall.      The  completed  covering  must  be  of   a 
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thickness  not  less  than  that  given  in  the  following 
table  for  B.  &  S.  gauge  sizes : 


Sires  of  Wires 
Between  Numbers. 

Thickness 

of  Insulation. 

Inch. 

14-8 

Vr 

7-2 

tV 

2-0000 

1^ 

0000-500,000 

A 

500,000-1,000,000 

^ 

over  1,000,000 

i 

Measurements  of  insulating  wall  are  to  be  made  at  the 
thinnest  portion.  Either  the  fireproof  or  the  weather-proof 
coating  may  be  on  the  outside. 

d.  The  fireproof  coating  shall  be  layers  of  cotton 
or  other  thread,  the.  outer  one  of  which  must  be 
braided.  All  the  interstices  of  these  layers  are  to 
be  filled  with  the  fireproofing  compound.  This  is 
to  be  material  whose  solid  constituent  is  not  sus- 
ceptible to  moisture,  and  which  will  not  burn  even 
when  ground  in  an  oxidizable  oil,  making  a  com- 
pound that,  while  proof  against  fire  and  moisture, 
at  the  same  time  has  considerable  elasticity  and 
that  when  dry  will  suffer  no  change  at  a  tempera- 
ture of  250®  F.  and  that  will  not  burn  at  even 
higher  temperature. 

c.  The  weather-proof  coating  shall  be  a  stout 
braid  thoroughly  saturated  with  a  dense  moisture- 
proof  compound  thoroughly  slicked  down,  applied 
in  such  manner  as  to  drive  any  atmospheric  mois- 
ture from  the  cotton  braiding,  thereby  securing  a 
covering  to  a  great  degree  waterproof  and  of  high 
insulating  power.  This  compound  to  retain  its 
elasticity  at  0**  F.  and  not  to  drip  at  100°  F. 

This  wire  is  not  as  liable  to  burn  as  the  old  **  weather- 
proof "  nor  as  subject  to  softening  under  heat,  but  still  is 
able  to  repel  the  ordinary  amount  of  moisture  found  indoors. 
It  would  not  usually  be  used  for  outside  work. 
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!am[).  ilcsiiks  tlu-sc  ciU-ouls.  llu-rc  must  be  a  cut-out  al 
the  [loini  wlicrc  each  liranch  liru-  joins  tlit-  mains.  The 
small  wires  runniiijj;  from  the  ciU-nuts  t.i  the  arc  lamps  may 
\w  No.  14,  which  is  larf-c  cn<H!jih  to  carry  the  starting  cur- 
rent of  I'i  amperes  continually,  if  necessary.  The  locations 
of  the  cut-outs  are  liulii-aled  on  the  (liajjram  liy  the  letter  c. 

«:j.  The  wiring  as  now  lai.l  out,  if  put  up  properly,  will 
comply  with  all  the  Umlcrwritcrs'  rule-..  The  main  switch 
and  cut-out  should  l>e  located  near  llic  dynamo  in  the 
engine  n><)m. 

Such  an  arrangeiuciU  as  just  dcsrrilii'il  wouhi  not  neces- 
aarily    give    satisfaction;     it    would   merely   be   safe.       But 


If  a  lamp  is  needed  not  more  than  '.{  feet  from  the  direct 
line  of  the  wires,  it  can  be  hung  where  required  by  means  of 
a  cclIhiK  button.  Fig.  30; 
but  lanij)  cord  must  not  be 
used  tn  run  lamps  in  this 
way  nK)re  than  2  or  :j  feet 
from  the  rosette. 


07.     Flexible     Lamp 

Coi-"!.— In   selecting    lamp 

cord  f()r  this  kind  of  work 

and  in  securing  good  sock- 

ets, too  much  care  cannot 

Vu 

■  3".                      be  taken,  for  trouble  occurs 

more 

frequentiv  in 

hmip  cord  and  sockets  than  in  any  other 

I>art  . 

>f  the  wiring. 

if  Uiese  articles  are   not   of   the   highest 

liradc 

■I'hii-e    U    J 

iiiuh   temptation  In  ii>.e  lamp  cord   for 

other 

purposes  tha 

n  those  for  which  it   is  designed.     The 

r^ 


g.  Flexible  cord  for  portable  use  must  have 
waterproof  insulation,  as  required  in  section  ./  for 
pendant  cord,  and,  in  addition,  must  be  provided 
with  a  reenforcing  cover  especially  desi^iied  t" 
withstand  the  abrasion  it  will  be  subject  Lo  in  the 
uses  to  which  it  is  to  be  put. 
For  portable  heating  apparatus: 

h.     Must  be  made  up  as  follows: 

1.  A  tight,  dose  wind  of  tine  cotton. 

2.  A  thin  layer  of  rubber  about  ,i,  -T^h  thick 
or  other  cementing  material. 

3.  A  layer  of  asbestos  insulation  at  lejst  ^  inch 
thick. 

4.  A  stout  braid  of  cotton. 

5.  An  outer  reenforcing  cover  espf:iany  designed 
to  withstand  abrasion. 

This  cord  is  in  no  sense  waterpr.inf.  \\x>i  thin  layer  of 
rublier  l>cm!r  spLcifitd  in  order  that  it  may  serve  merely  as  a 
seal  til  hi'lp  hiild   in  ]il;ux-  the  fine  (cillnn  and  asbestos,  and 


o 


^"^-  "*■  minals  a,  b.     These  termi- 

nals are  necessarj',  because  the  fuse  wire  is  soft  and  is  almost 
sure  to  be  cut  if  placed  under  the  binding  screws  on  the 
cut-out. 

When  link  fuses  are  used,  they  must  comply  with  the  fol- 
liiwin;;  specifications: 

For  Cli-c-uits  of  Xot  Over  13B  Volts.— 

Links  on  non-combustible  bases  enclosed  in  fire- 
proof cabinets.  Minimum  break  distance,  1 J  inches; 
minimum  separation  of  terminals  of  opposite  polar- 
ity, unless  separated  by  ample  partitions,  IJ  inches. 
I'lises  to  be  held  free  of  contact  ii>ith  any  portion  of 
the  base. 
For  t'lreuits  of  Not  Over  250  Volta. — 

Links  on  non-combustible  bases  enclosed  in  fire- 


wiring  on  which  the  lamps  will  all  glow  with  equal  bright- 
n<.'ss.  Also,  it  is  not  desirable  in  many  cases  to  have  a 
rosette  with  a  fuse  at  each  lamp,  as  this  means  many  small 
fuses.  Many  very  small  fuses  are  not  as  reliable  as  a  few 
larger  ones  and  they  cause  inore  trouble.  We  will,  there- 
fore, plan  to  wire  this  establishment  so  as  to  avoid  these  twu 
undesirable  conditions.     Pig.  41  represents  the  factory  so 
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wired.  Where  joints  are  made  without  changing  the  size 
of  the  wire,  no  cut-outs  are  required.  In  these  wiring 
diagrams  but  one  line  is  drawn  to  represent  the  two  wires 
that  must  be  installed. 

In  the  wiring  diagram  shown  in  Fig.  41,  there  being 
less  than  000  watts  on  any  branch  circuit,  fuses  may  be 
omitted  from  the  rosettes  (or  f useless  n^settes  installed). 
Fuses  of  a  proper  size  to  protect  the  lamp  cord  must  be 
placed  in  the  cut-outs,  that  is,  0-ampere  fuses  if  No.  1(5  cord 
is  used.  In  such  an  installation.  No.  IS  lamp  cord  cannot 
be  used  without  fused  rosettes,  unless  not  more  than 
tl  lamps  are  placed  on  a  branch  circuit,  because  a  3-ampere 
fuse  is  required  to  protect  No.  18  wMre,  and  if  placed  in  a 
cut-out,  it  will  not  allow  current  to  pass  for  more  than  6 
110-volt  lamps.  The  sizes  of  wires  permitted  by  the  insur- 
ance rules  will  be  the  same  as  in  the  first  case  studied. 

7i>.  We  will  now  take  up  the  subject  of  line  calculations 
with  reference  to  loss  of  power,  or  ilroiy  in  pole.itial. 
Table  V  gives  the  resistance  of  pure  copper  wire  at  lo""  F. 
(•24*^  C),  which  is  the  temperature  at  which  wiring  calcula- 
tions are  usually  made.  The  conductivity  of  commercial 
copper  wire  is  from  98  to  99.5  per  cent,  of  that  of  pure 
copper. 

In  ordinary  interior  wiring,  the  variations  in  resistance 
due  to  changes  in  temperature  are  usually  disregarded, 
although  they  must  be  taken  into  account  in  the  design  of 
most  kinds  of  electrical  ap[)aratus  where  they  affect  the 
regulation  very  much,  as,  for  instance,  in  the  iield  coils  on 
a  generator.  The  greatest  variation  in  temperalurc  at  all 
likely  to  occur,  and  that  will  occur  but  rarely  and  only  in 
open  work,  is  about  100°  F.  This  will  ( orrcspond  to  a 
change  in  resistance  of  about  21  per  cent. 

The  resistances  of  wires  smaller  than  No.  is  are  of  no 
use  in  practical  wiring,  but  are  given  for  ri'fcrcncc,  as  small 
wires  are  used  in  many  pieces  of  mechanism,  sik  h  as  fan 
motors,  resistance  boxes,  etc.  with  which  wircmcn  have  to 
deal,  and  also  in  bell  and  annunciator  work. 


premises.  Not  more  than  a  5-per  cent,  drop  should  be  per- 
mitted on  short  distances,  even  where  very  cheap  work  is 
desired.  This  would  be  accomplished  Jn  this  case  by  using 
No.  4  wire  for  the  feeders  and  No.  13  for  the  branch  lines. 
The  student  may  calculate  the  loss  exactly  by  the  use  of 
Table  V. 

79.     Drop  ill  Ai-c-Uprlit  Wlrlog. — The  loss  on  the  arc 

lines  usinjj  Xo.  10  wire  from  the  point  A  is  found  as 
follows:  The  resistance  of  No.  10  wire  is  about  1  ohm 
per  1,000  feet. 


mp  N.i.  3  to  lamp  No.  .7  =  10  X   ,^  =  1  volt ; 
:  .5  volt : 


■    1.000  ' 
.,2X60 


§26 


INTERIOR   WIRING. 


61 


Drop  from  lamp  No.  4  to  lamp  No.  5  =  .5  volt; 

2  X  40 
Drop  from  A  to  lamp  No.  ^  =  10  X   .  .^.  =  .8. 

Total  drop  at  lamp  No.  i  =  .3  +  1  -h  .5  =  1.8  volts; 
Total  drop  at  lamp  No.  ;?  =  .3  -f  1  =1.3  volts; 

Total  drop  at  lamp  No.  ^  =  .3  volt; 

Total  drop  at  lamp  No.  4  =  -8  volt ; 

Total  drop  at  lamp  No.  5  =  .8  -h  .5  =1.3  volts. 

These  slight  variations  can  be  permitted  on  the  arc  lamps 
without  inconvenience. 

80,     Slzo  of  "Wire  for  Arc  Liigrhts. — It  should  be  noted 
that  No.  10  wire  is  the  smallest  permitted  on  this  line  if  the 
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line   is  protected  by  but  one  cut-out.     But  if  the  line  is 
divided  into  t>vo  parts,  one  for  lamps  Nos.  i,  i-^,  and  S  and 


81.     WlrliiK   for    1  lO  Volts,    S-Per-Cent.   I>rop. — We 

win  now  calculate  the  sizes  of  wires  required  in  the  building 
wired  according  to  Fig.  41  for  a  loss  of  2  per  cent.  (2  per 
cent,  of  110  =  -i.-i  volts). 

This  calculation  will  be  made  with  a  view  to  making 
the  drop  uniform  along  all  the  lines.  That  is,  we  will 
make  the  volts  drop  per  foot  of  line  equal  as  nearly  as 
possible  in  feeders  and  branches.  The  proper  value  of 
volts  drop  per  foot  is  found  by  allowing  the  desired  drop  to 
the  farthest  lamp  in  the  system  and  distributing  this  drop 
uniformly  along  the  lines  to  the  generator,  or  center  of 
distribution. 


viousiy  calculated. 


.fl  ohm  per  1,000  feet  in  feeders. 


No,  8  wire  has  .i'r27  ohm  per  1,000  feet  and  is  nearest  the 
required  size. 

In  3'iO-volt  wiring,  where  the  distances  within  the  build- 
ing are  short,  the  wireman  will  usually  find  that  the  mini- 
mum sizes  of  wires  specified  by  the  Underwriters  are  large 
enough  to  carry  the  current  with  less  than  2  per  cent.  loss. 
In  small  dwellinsR  wired  on  the  closet  system  of  distribution 
with  2"-iO-voIt  circuits,  it  will  not  be  necessary  to  pay  any 
attention  whatever  to  the  drop  on  inside  lines. 

83.     Center  of  Ulstrlttutlon. — In  making  calculations 

relating  to  wiring,  the  distance  to  be  taken  is  the  average 
liistaucc  through  which  the  current  supplied  can  be  con- 
sidered  as  flowing.     For   example,    take   a   case   like   that 
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shown  in  Fig.  43,  where  a  circuit  is  run  from  a  distributing 
point  A  to  a  number  of  lamps  />.  For  the  first  100  feet  no 
lamps  are  connected;  we  then  have,  say,  13  lamps  spread  out 
over  60  feet  at  the  end.  In  calculating  the  drop  on  such  a 
circuit,  it  is  evident  that  the  full  length  should  not  be  taken, 
because  the  whole  of  the  current  does  not  flow  through  all  the 
line.  The  current  keeps  decreasing  as  each  lamp  is  passed. 
The  center  of  distribution  for  the  lamps  will,  therefore,  be 
at  C  and  the  average  length  of  wire  through  which  the 
e  amperes  is  carried  is  2  x  125  =  250  feet.     If  the  lights  were 


all  bunched  at  the  end  of  the  line,  the  distance  to  the  center 
of  distribution  would  then  be  the  same  as  the  length  of  the 
line,  and  the  length  of  wire  through  which  the  C  am{>eres 
would  flow  would  be  a  X  150  =  :JilO  feet.  If  the  lights  were 
spaced  uniformly  throughout  the  whuje  length  of  the  line,  the 
average  distance  would  then  be  '  J  "  =  f .'»  feet  and  the  average 
length  of  wire  used  in  making  calculations  for  drop  wiiuld 
be  150  feet.  By  laying  out  a  plan  of  the  wiring,  the  average 
distance  over  which  the  current  is  transmitted  can  usually 
be  determined  without  much  trouble  and  close  enough  for 
practical  purposes. 


the  lilies;  for  the  lamps  being  supplied  with  considerably 
less  than  5'^  vults  will  not  take  their  full  amount  of  current. 
These  figures  will  be  correct,  however,  if  the  lamps  take 
1  ampere  each  (as  would  a5-volt  8-candlepower  lamps  if  they 
were  substituted  for  the  52- volt  16-candlepower  lamps). 
Here,  then,  is  a  loss  of  about  50  per  cent,  and  a  reduction 
of  the  power  transmitted  of  50  per  cent.  Leaving  the 
S2-volt  lamps  in  place,  the  actual  voltage  will  be  {since 
the  resistance  of  the  lines  is  about  equal  to  one-half  that 
of  the  lamps,  or  one-third  the  total  resistance)  about 
:!5  volts.     The  main  lines,  moreover,  will  not  carry  a  current 

HiJ.     KeU'ctlon  of  Fltttngs  for  SSO-Volt  "Wiring, — In 

~dO-volt  wiring  great  care  must  be  taken  in  the  selection  of 
fittings.  Cut-outs,  .sockets,  and  switches  designed  for 
110- volt  working  and  not  improved  during  recent  years  so 


^ 


[S&" 


SL 


and  no  current  in  the  nciitral.  Wc  will  take  the  pressure 
between  /)  and  ('  or  C  and  /;  as  l\i  volts,  and  between  // 
and  /J  or  /?  ami  /'as  110  volts.  There  is,  therefore,  a  drop 
of  'i  volts  in  A  B  and  also  a  drop  of  2  volts  in  E  P.     The 
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resistance  of  A  B,  C  D^  and  E  F  must,  therefore,  be  f  ohm, 
in  order  to  give  a  drop  of  2  volts  with  a  current  of  3  amperes. 
If  the  load  becomes  unbalanced,  as  in  (^),  there  will  be  a 
current  of  3  amperes  in  A  B^  as  before,  2  amperes  in  C  D^ 
and  1  ampere  in  E  F.  The  drop  inAB  will  be  f  X  3  =  2  volts ; 
in  C  Z>,  I  X  2  =  1^  volts ;  in  £  /%  f  X 1  =  f  volt.  The  total 
drop  in  the  two  outside  wires  will  now  be  2  +  f  =  2f  volts, 
and  hence  the  pressure  between  the  outside  wires  at  the 
end  of  the  line  must  be  224  —  2f  =  221^  volts.  Taking  the 
upper  side  of  the  circuit,  we  have  3  amperes  flowing  out 
through  A  B  and  2  amperes  flowing  back  through  C  D\  the 
drop  on  this  side  must,  therefore,  be  2  +  1 J  =  3J  volts  and 
the  pressure  between  i9  and  D  must  be  112  —  3J  =  108|  voltr. 
The  pressure  between  B  and  F  is  221 J  volts;  hence,  the 
pressure  between  D  and  F  must  be  221J  —  108f  =112|. 
The  result  of  the  uneven  load  is,  therefore,  that  the  voltage 
rises  in  the  lightly  loaded  side  and  falls  on  the  side  having  a 
heavy  load.  If  the  neutral  wire  were  smaller,  this  unbalan- 
cing would  be  greater. 

The  branch  lines  of  a  three-wire  system  must  be  calculated 
for  the  proper  current  and  drop  on  110  volts  as  two-wire 
circuits,  because  these  branches  are  simple  two-wire  circuits. 


Wc  will  calculate  the  feeder 


s  floor  only. 


m.ij',. ,-.  Ungth  of  Win 

lyijft.  260  ft. 

ir.  fi.  150  ft. 
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The  resistance  per  1,000  feet  of  these  feeders  required  to 
give  a  drop  of  3  volts  and  the  nearest  sizes  of  wires  obtain- 
able, are  calculated  as  follows: 

3 

Shop  A,  =    .461,  No.    6  has  .395  ohm  per  1,000  feet. 

3 

Shop  i9,  =  1.000,  No.  10  has  .999  ohm  per  1,000  feet. 

3 

Shop  C,  — r^  =    .882,  No.  10  has  .999  ohm  per  1,000  feet. 

/dO  X  •  17 

3 
Shop  /),  TT^-^  =    .429,  No.    G  has  .395  ohm  per  1,000  feet. 

3.  This  method  of  calculating  required  sizes  of  wires  can 
be  applied  to  any  kind  of  wiring  for  any  practical  purpose; 
but  to  avoid  the  necessity  of  figuring  out  each  case,  wiring 
tables  have  been  prepared  by  which  the  proper  size  can  be 
determined  without  calculation. 


CALCULiATIOX   OF  WIRE   SIZES   IX   TERMS  OF  RESISTANCE 

PER    1,000   FEET. 

4,  Calculations  based  on  resistance  per  1,000  feet,  such 
as  have  been  made  in  previous  examples,  may  be  put  in  the 
sha|)e  of  a  formula  as  follows: 

• 

_    ^  X  1,000  .. 

^^-•""2  X  />X  C  ^    '' 

in  which  r^  is  the  resistance  of  1,000  feet  of  the  wire  to  be 
used,  r  the  drop  in  volts,  D  the  distance  measured  in  feet, 

and  C  the  current  measured  in  amperes. 

For  example,    to   carry   10   amperes    GOO   feet    ((100  x  2 

=  1,200  feet  of  wire)  with  3  volts  drop,  the  resistance  per 

l,O00  feet  will  be: 

r^  =  ^J^l!}^     =  .250  ohm  per  1,000  feet. 
"•      2  X  600  X  10  ^ 

^o.  4  wire  has  about  this  resistance,  as  may  be  seen  by 
consulting  a  wire  table 


Ill  this  fonimla,  /,  must  be  the  total  length  of  wire  in  feet. 
Also,  siiKi'  the  (lrn|)  ,■  in  a  circuit  is  equal  to  the  current  C 
X  rLsistance  A",  wu  have 

>"""■■=  ^i,!hs^i         W 

or  if  the  (li-o|i  isj-iven  and  we  are  required  to  find  the  size  of 
wire  l<>;i.ive  lhisiln)ii,  we  may  jiiTt  formula  3  in  the  form 

Cir.  ,„ils  =  '^=<-/--2iJi5.  (4.) 

Ill  these  fornnilas  /,  is  the  total  lenj^th  of  the  circuit,  i.  e., 
the  distance  to  the  laiiijis  and  liaek  again.  If  the  distunee  to 
the  lamps,  one  way,  is  called  11,  we  may  put  formula  4  in  the 


r>i. 


Fl'WE  I'ltOTEtTION    FOU  COSDUtTOKS    IX    MULTIPLE. 

IS.  It  is  frequentlj-  clesifLible  to  run  two  or  more  small 
wires  in  multiple,  instead  of  one  large  wire  or  cable,  either 
for  convenience  in  handling  the  wires,  to  obtain  a  certain 
carrying  capacity  with  the  use  of  less  copper,  to  use  material 
that  happens  to  be  at  hand,  or  for  other  reasons.  When 
two  or  more  wires  are  run  thus  and  are  connected  together 
at  thuir  ends,  separate  fuses  must  be  placed  in  series  with 
each  wire,  and  not  one  fuse  for  all  the  wires  in  multiple. 

Fig.  i  (ii)  and  (d)  illustrates  the  correct  and  the  incorrect 
methods  of  connecting  such  cables.  Multiple  conductors 
of  this  kind  may  sometimes  be  used  to  advantage  in  over- 
hauling or  remodeling  old  work,  where  the  wires  originally 
installed  are  too  small,  and  in  wiring  an  old  building  by  the 
use  of  molding,  where  kirge  wires  cannot  be  handled  with- 
out defacing  the  wails. 


18.    Where  wiring  is  done  in  damp  places,  special  pre- 
cautions must  be  taken  and  special   rules  observed.     The 
following  Underwriters'  rules  apply  to  this  work: 
Wlresi — 

///  damp  places,  suck  as  breweries,  sugar  houses, 
packing  houses,  stables,  dye  houses,  paper  or  pulp 
wills,  or  Iniildiiigs  especially  liable  to  moisture,  or 
acid,  or  other  fumes  liable  to  injure  the  wires  or 
their  insulation,  except  ii'here  used  for  pendants  : 

a.  Must  have  an  approved  rubber-insulating 
covering. 

/'.  Must  be  rigidly  supported  on  non-combus- 
tibk,  non-absurptive  insulators  that  separate  the 
wiri:  at  least  1  inch  from  the  surface  wired  over, 
and  wires  must  he  kept  apart  at  least  2^  inches  for 
voltages  up  to  30(1  and  4  inches  for  higher  voltages. 

Rigid  supjmrtiiiR  requires  under  ordinary  conditions. 
whcri:  wiring  dvlt  flat  siirfaft's.  supjn)rls  at  least  every 
4^  fvet.     If  the  u-irus  art;  liable  to  be  disturbed,  the  distance 


motive  force  of  3,000  volts  per  ^'^  inch  thickness  of 
insulation  under  tJie  following  conditions: 

The  source  of  alternating;  electromotive  force 
shall  be  a  transformer  of  at  least  1  kilowatt  capac- 
ity. Tile  application  of  the  electromotive  force 
shall  first  he  made  at  4,IH)0  volts  for  6  minutes  and 
then  the  voltage  increased  by  steps  of  not  over 
3,000  volts,  each  held  for  5  minutes,  until  the  rup- 
ture of  the  insulation  occurs.  The  tests  for  dielec- 
tric strenjjth  shall  be  made  on  a  sample  of  wire  that 
has  hui-n  immersed  for  '^4  hours  in  water,  1  foot  of 
which  is  suhmcrfjcil  in  a  <  ondintinn  liquid  held  in  a 
metal  trough,  one  of  the  transformer  terminals 
beint;  connected  to  the  copper  of  the  wire  and  the 
other  to  the  metal  of  the  Iroutjh. 

Tests  by  the  Underwriters  are  made  on  the  products  of 
the  various  manufacturers  from  time  to  time,  and  the  names 
of  those  wires  that  are  acceptable,  as  complying  with  this 
standard,  can  be  learned  from  them. 


coverings  of  metal  conduits. 

b.  The  conductors  in  same,  single  wire  or  twin 
conductors,  must  have  a  rubber-insulating  cover- 
ing; any  filler  used  to  secure  a  round  exterior  must 
be  impregnated  with  a  moisture  repellent,  and  the 
whole  bunch  of  conductors  and  fillers  must  have 
a  separate  exterior  covering. 

Such  cables  may  be  used  to  wire  buildings  without  any 
porcelain  tubes  whatever,  as  the  insulation  required  is  very 
high;  but  the  system  requires  special  fittings  and  tools  for 
installing  it  and  has  not  yet  come  into  very  extensive  use, 
probably  on  account  of  its  expense. 

24.  The  protected  flexible  cord,  of  the  same  style,  is  a 
very  convenient  article  to  use  in  wiring  offices,  banks,  etc., 
where  small  conductors  must  be  carried  behind  desks  or 
fastened  to  iron  or  cabinetwork,  and  in  many  other  places 
where  ordinary  cords  will  not  do  and  will  not  be  permitted. 
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has  no  switches.  The  above  will  give  a  general  idea  as  to 
the  construction  of  these  boards.  They  are  made  in  all 
sorts  of  combinations  and,  in  fact,  are  usually  made  to 
order   for  any  given   job.     In   large  wiring   systems,   the 
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design  of  the  cut-out  closets,  or  cabinets,  is  a  matter  of 
great  importance,  and  the  location  of  these  closets  is  equally 
important ;  they  should  be  placed  in  a  position  where  they 
can  be  readily  reached. 

38.    The  following  Underwriters'  rules  relate  to  cut-out 
cabinets : 

Cat-Oat  Cabinets — 

Must  be  so  constructed  and  cut-outs  so  arranged 
as  to  obviate  any  danger  of  the  melted  fuse  metal 
coming  in  contact  with  any  substance  that  might 
be  ignited  thereby. 

The  following  specifications  should  be  followed : 

Material. — 

a.  Boxes  may  be  of  marble,  slate,  or  wood.  If 
wood  is  used,  the  inside  of  the  box  must  be  lined 
with  non-combustible  material,  such  as  slate  or 
asbestos  board.  If  asbestos  board  is  used,  it  must 
be  at  least  \  inch  in  thickness,  must  be  neatly  put 
on,  and  firmly  secured  in  place  by  shellac  and  tacks. 

I>oor. — 

b.  The  door  must  close  against  a  rabbet,  so  as 
to  be  perfectly  dust-tight.  Strong  hinges  and  a 
strong  hook   or  catch  are  required.     Glass  doors 


pied  by  more  than  one  tenant,  a  cut-out  cabinet  should  be 
installwl  for  each  tenant.  In  large  hoiises,  it  is  often  con- 
venient to  have  a  cut-out  cabinet  on  each  floor,  with  vertical 
mains  running  through  them  from  the  top  to  the  bottom  of 
the  house.  If  only  one  distributing  point  is  used,  it  should 
be  either  in  the  cellar  or  attic  and  risers  run  to  the  different 
floors.  If  it  is  known  that  the  wires  are  to  enter  the  build- 
ing in  the  cellar,  then  the  distributing  center  should  be 
located  there ;  if  the  wires  enter  in  the  attic,  the  distributing 
point  should  be  located  there.  This  assumes  that  verti- 
cal riscrs'are  run  from  the  distributing  center  to  feed  the 
various  floors.  In  case  a  single  pair  of  vertical  mains  is 
used  with  the  circuits  branching  off  on  each  floor,  the  mains 
may  lie  run  from  the  top  to  the  bottom  of  the  house  and  the 
current  supplied  from  either  end. 

30.     No   matter  what  arrangement   is    adopted   for  dis- 
tributing the  current,   the  distributing  centers,    or  cut-out 
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the   second   floor.    Fig.    16,    three   circuits    are    sufficient. 
No.  14  wire  is  used  for  all  these  circuits.     It  will  be  found 


that  No.  14  wire  (the  smallest  that  the  Vnderwrit(--rs  allow) 
is  large  enough  for  any  of  the  branch  circuits  met  with  in 


building,  all  of  which  run  to  a  common  distributing  point, 
usually  located  in  the  basement.  The  mains  must,  of 
course,  be  desifjned  to  carry  the  current  in  accordance 
with  the  Underwriters'  requirements  or  to  limit  the  drop 
to  the  iillowable  amount  if  the  wire  required  by  the  Under- 
writers will  give  too  much  drop.  la  the  house  under  con- 
sideration, suppose  we  have  a  total  of  CM  lamps.  The 
current  in  the  mains  will  then  be  :J0  amperes,  and  we  will 
need  at  least  a  No.  8  wire  to  satisfy  the  Underwriters* 
requirements. 

By  referring  to  Table  II,  it  is  found  that  No,  8  wire  will 
carry  30  amperes  a  distance  of  25.5  feet  with  adropof  1  volt. 
For  a  building  of  this  kind,  the  drop  from  the  point  where 
the  current  enters  the  building  to  the  lamps  should  not 
exceed  'i  to  2.,T  volts.  The  drop  in  the  branch  circuits  will 
be  very  small,  but  it  would  be  advisable  to  put  in  No.  ti 


such  conditions. 

35.  In  new  buildings,  it  is  often  not  known  what  system 
of  electric  Hghting  will  be  used  when  the  wiring  is  finished. 
Owners  also  desire  quite  frequently  to  be  able  to  avail 
themselves  of  any  advantage  in  price  that  may  be  brought 
about  by  competition  between  different  systems.  It  is, 
therefore,  desirable  that  each  new  house  shall  be  wired  in 
such  a  manner  that  light  may  be  secured  from  any  system 
in  use — that  is,  from  5^-,  110-,  or  320-volt  two-  or  three-wire 
systems.  The  following  typical  specifications  cover  all  the 
main  points  necessary  for  such  a  piece  of  work  in  an  ordi- 
nary dwelling  house. 

Other  details,  such  as  the  location  of  additional  switches, 
the  use  of  particular  kinds  of  cut-outs,  etc.,  may  be  added 
to  these  specifications  if  desired.  The  specifications  cover 
only  the  concealed  work. 
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Specifications  for  G)nccalcd  Electric-Light  Wiring, 


For  52-,  110-,  or  220-volt  systems. 


Distribution 
Closet. 


CircuiU. 


Ftise  Blocks. 


Wires. 


Mains. 


A  distribution  closet  is  to  be  located  on  some 
inside  wall,  in  a  readily  accessible  place,  on  the 
second  floor  or  the  attic,  as  near  the  center  of 
the  building  as  possible. 

The  closet  must  be  lined  with  asbestos  ^  inch 
thick  and  fitted  with  a  door  covered  on  the 
inside  with  asbestos  ^  inch  thick. 

From  this  closet  separate  circuits  must  be 
run  to  the  outlets  in  such  a  manner  that  not 
more  than  eight  l(j-candlepower  incandescent 
lamps  shall  be  placed  on  any  circuit.  Wher- 
ever the  number  of  lamps  is  not  marked  on  the 
plans  or  otherwise  specified  as  greater  than 
here  required,  pendants  shall  be  considered  as 
intended  to  carry  four  lamps  each  and  brackets 
one  lamp  each. 

All  fuse  blocks  must  be  placed  in  the  distri- 
bution closet.  They  must  be  made  of  porcelain, 
must  have  a  breaking  distance  of  1^  inches,  and 
must  be  capable  of  standing  the  arc  caused  by 
the  breaking  of  a  10-ampcre  fuse  on  a  220-volt 
short  circuit  without  cracking  the  porcelain. 
Both  sides  of  all  lines  must  be  fused. 

All  circuits  running  from  the  distribution 
center  must  be  of  No.  14  H.  &  S.,  or  larger, 
rubber-covered  copper  wire  of  a  make  accepted 
by  the  National  Board  of  Fire  Underwriters. 

From  the  distribution  closet  to  the  attic,  and 
also  to  the  basement,  a  pair  of  mains  must  be 
run,  the  size  of  which  will  depend  on  the  total 
number  of  lights  in  the  house,  as  follows: 


/.    111.^29 


of  fiinnectiou  (n)  or  {/>)  may  be  used,  and  the  one  that  will 
be  in<)St  convenient  in  any  given  case  will  depend  to  some 
extent  im  the  general  layout  of  the  wiring. 

A  mc)dification  of  this  arrangement  is  shown  in  Fig.  ISi  (a) 
and  {/>).  In  this  case,  one  of  the  three-way  switches  is 
replaced  by  a  three-way  socket.  By  using  a  three-way 
socket  on  the  fixture  in  connection  with  a  three-way  switch 
on  the  side  wall,  a  lamp  may  be  turned  on  or  off  either  at 
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the  socket  or  at  the  switch.  Both  schemes  of  connection  (a) 
and  (b)  accomplish  the  same  result,  and  the  one  that  is  most 
convenient  in  any  case 
will  depend  consider- 
ably on  the  location  of 
the  supply  mains. 


(^om 


Sodtetney 


Moin. 
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Main 


Ma/n 


38,  Control  of 
Lights  From  Three 
or     More     Points. — 

Lights  may  be  con- 
trolled from  three  sta- 
tions, as  indicated  in 
Fig.  20.  It  is  neces- 
sary to  use  two  three- 
point  switches  A^C  for 
the  end  stations  and 
a  four-point  switch  B 
{i)T  the  middle  station. 
When  /?  is  in  the  posi- 
tion shown,  points  1 
and  2  are  connected 
together  and  3  and  4  are  also  connected  together.  When 
the  switch  is  turned,  the  former  connections  are  broken  and 

Ak»r 
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(b) 


FlO.  19. 


AXof/r 


^^ 


€ 
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Fn;.  a). 


points  1  and  5,  2  and  4  are  connected.     By  tracing  out  the 


F'li.  SI.  more  or  less  liiibk-  to  damage  and  take  up 

sjKiic.      The  otliiT  type  is  known  as  a  flush  switch.      Like 
snap  switches,  tlicy  are  made  in  a  large  variety  of  styles  and 

Fiff.  ti  gives  iin  idi-a  as  to  the  arrangement  of  a  fliish 
switch.  In  this  case  the  switch  is  operated  by  pushing 
the  button  projecting  through  the  plate.  The  working 
jnirts  are  encased  in  porcelain  and  the  face  plate  may  be 
given  any  finish  required  In  match  the  uthcr  hardware  trim- 
mings in  the  buihling.  One  nf  the  terminals  is  shown  at  s. 
When  one  l.iittMn  is  ,.iish,a  in.  hv,  r  /  makes  contact  with  c.  ■', 
thus  completing    the  circuii.      Snap  switches,    Fig.  23,   are 


h.  Must  have  all  liurrs.  i 
the  coiuiui;t<>rs  are  drawn  in 

c.  ThL-U'iuk-ru-vt-.o.Tuk'i 
shnultl  W  fiuanlf.l  against  h 
of  tlR-    ■ 


./,      X<. 


iibii 


be  appnivi-it. 

■■■  Must  Ik 
..rs  an.l  liMii 
coiiiu'i'tiiins  I 
supply  enndi, 

/.      Coiling' 


■  fins,  removed  before 

)  the  fixture, 
iensatiod  within  the  pipes 
by  scalinij  the  upper  frid 

Hire  ill  whkh  the  con- 
;i  spare  less  than  ]  inch 
ul  the  outside  easing  will 

.ntaeis  between  eondiict- 
lireuits.  and  fur  ground 
are    cnnrieeled    to    their 


H-ks  lor  fixtures  should  be  made  of 
insnlatiu^j  materiai;  if  not.  the  wires  in  passing 
throuj;h  the  plate  nuist  be  smf^nnded  with  non- 
conibiistilile.    non-absorptive     insulating     material, 


4*->.      (n-e;U    eare 
are  yood,  and  also 


■   lliat   the   s<Hkets 
oii-h    to    bear  the 


per  mile  after  1  week's  submersion  in  water  at 
70°  F.  and  after  3  minutes'  electrification  with 
550  volts. 

(>.      Must  not  be  less  in  size  than  No.  18  B.  &  S. 

r.  Supply  conductors,  and  especially  the  splices 
to  fixture  wires,  must  be  kept  clear  of  the  grounded 
part  of  gas  pipes,  and  where  shells  are  used,  the 
latter  must  be  constructed  in  a  manner  affording 
sufficient  area  to  allow  this  requirement. 

d.  Must,  when  fixtures  are  wired  outside,  be  so 
secured  as  not  to  be  cut  or  abraded  by  the  pressure 
of  the  fastenings  or  motion  of  the  fixture. 

c.  Under  no  circumstances  shall  there  be  a  dif- 
ference of  potential  of  more  than  300  volts  between 
wires  contained  in  or  attached  to  the  same  fixture. 

Decorative  Series  lAinpa. — 

Incandescent  lamps  run  in  series  shall  not  be  used 

for  decorative  purposes  inside  of  buildings  e.Tcept 
by  special  permission  in  writing  from  the  Inspection 
Department  having  jurisdiction. 


..f  Hi-C:.n.lt.i,n«-(T 
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some  places,  though  not  approved  as  a  conduit  proper,  is 
the  flexible  Clrcular-rjoom  tube.  This  is  a  woven  tube 
treated  with  insulating  material  that  makes  it  hold  its  shape. 
It  has  no  metal  covering,  but  is  stronger  than  the  brass- 
covered,  interior  conduit  and  more  convenient  to  use.  It 
will  be  permitted  under  the  present  rules  only  in  special 
cases,  as  it  is  not  waterproof  or  nail-proof. 


AI'l'lMIVEU  CONDUIT  SYSTEMS. 

54.  The  conduits  now  approved  by  the  Underwriters  are 
all  iron  pipes  with  more  or  less  insulating  lining.  They  are 
divided  into  two  classes,  limni  and  unlincd.  When  unlined 
conduits  are  used,  an  additional  braided  covering  must  be 
placed  on  the  wire.  Conduits  must  comply  with  the  following 
specifications: 


Ill  llir  "iilli-i^  lint  lii'iii^  counted. 

5rt.  I'iK.  ■;>;  ^linns  ^1  |>i.^<.  nf  in.n-ariii..ml,  Hned  ooii- 
liiiL;  ,-  i-i  111.-  ..rm..r.il".iu    '    in.li  thi.k.  whirh  is  the  same 

^^       as  oi.ljii.uv  K''--    I'll"-:  /'   i^    lliu   iiisulaling   lining. 

^^  II.. t  U'>s  ihau  .1';  iii.li  ihi.k  and  adhering  to  the 
.luli-r  jiipe,  r,.n.hiii.  whether  Hned  or  unlined,  is 
,.ul  .i|.  in  Ih.'sain.'  manner  as  il  good  job  of  gas- 
litliiig,  (Ileal  .ai.-  sh.udd  lie  taken  at  the  j..ints 
to  >ee  that  ihe  pijie  is  reamed  and  tliat  the  ends 
(..inie  lt.gether.  so  ;is  t.i  form  a  smooth  rnnway 
(free  from  burrs)  for  the  wire.  Kig.  2!)  shows  an 
elbow.  In  many  [ila.es  the  eoiuhiit  itself  may  be 
lient  and  tile  nse  .if  an  elli..w  with  its  threaded 
joints  avoided,  Ab.mt  as  g.io.l  a  way  as  any  to 
I  lend  conduit  is  t..get  a  g.  md.  st.'iit  piece  of  spruce 
or  h:if.l  pine  aii.l  li.,re  a  li.^le  in  it  a  little  hirifer 
ihaii  ihe  .un.luii.     TIr.  [,i|K-  \^  ihen  [.assed  ibn.ugh 


only  style  nmv  used  in  the  best  chiss  cif  buildings.  It 
is  used  altogether  in  modern  fireproof  buildings.  The  best 
method  of  running  the  conduit,  so  as  to  save  bends  and 
make  the  conduit  as  short  as  possible,  must  be  left  to  the 
judgment  of  the  wireman.  In  laying  out  such  wiring,  he 
must  remember  that  the  two  wires  are  run  together  and 
that  he  cannot  make  short  cuts  with  single  winss  as  in 
knob-aiid-tube  work. 


arc  to  be  preferred  to  all  other  kinOs  of  joints,  because  they 
are  mure  secure  and  afford  better  eleetrJcal  contact.  To 
secure  them  in  an  entire  system,  it  is  necessary  to  use  a  few 
riyht-liand  and  left-hand  c..ii].>liiij;s  or  a  few  vinions.  Where 
unions  are  used,  they  should  preferably  be  of  brass,  because 
brass  gives  better  contact  at  the  sliiling  joints  than  iron. 
Right-hand  and  left-hand  couplin^js  are  also  used.  In  most 
cases,  however,  instead  of  a  union  cir  right-hand  and  left- 
hand  (-ouijlin^.  the  thread  is  cut  well  back  on  one  piece,  the 
cuupliny  screwed  on  and  afterwards  screwed  back  over  the 
other  piece. 

But  owing  to  the  ditficulty  of  instalhrig  screw  joints  in  all 
places,  and  because  other  joints  are  easier  to  make  and 
require  less  expensive  fittings  (ih<iu};h  ni>t  so  good),  many 
systems  have  been  designed  in  which  <it)icr  l;inds  of  jciinis 
are  relied  on.  Whatever  system  is  u>.Lii,  hi>wever,  the  work- 
man nmst  not  shirk  thi'  duly  '-f  niakiii-  a-n-t]  pipe  connec- 
tions, which  are  as  imporlani  as  soldenil  joints  un  tlie  wires. 


However,  where  hardwood  moldings  and  rubber-covered 
wires  of  sufficient  size  are  used  in  places  always  dry,  this 
kind  of  worlc  is  quite  safe  and  is  very  much  in  vogue  at  the 
present  day.  Moldings  are  especially  convenient  in  running 
border  lights  around  the  walls  of  rooms,  where  lamps  are 
placed  a  foot  or  so  apart,  and  in  wiring  show  windows  for 
temiKirary  displays,  and  other  work  of  a  semi-permanent 
nature.  Moldings  are  made  in  a  variety  of  styles,  some 
«if  which  are  ornamental  and  nicely  finished  to  match  the 
trimmings  of  the  rooms  in  which  they  are  used.  Fig.  39 
shows  a  typical  two-wire  molding  that  conforms  to  the 
UndiTwriters'  reauirements,  since  it  has  the  backing  a  and 
capping  b. 


system  as  a  whole  should  be  tested. 

7;{,  l'iidt'i*%vrit<.'rs'  Tests.  —  An  insurance  inspector 
usually  tests  each  branch  line  with  a  magneto  for  con- 
tinuity, short  circuits,  and  grounds.  He  then  usually 
counts  up  the  number  of  lamps  on  each  circuit  and  notes 
the  sizes  of  wire  used  to  see  that  no  wire  is  overloaded  when 
all  the  lamps  are  on.  Concealed  work  must  be  inspected 
before  the  lath  and  plaster  are  put  on,  otherwise  it  will  not 
be  passed  without  special  investigation;  this  means  tearing 
up  floors  and  walls,  which  is  expensive,  to  say  the  least. 

In  most  installations,  where  the  inspector  has  no  reason 
to  suspect  that  any  faulty  material  has  been  used,  he  is 
able  to  satisfy  himself  by  these  tests  and  by  examining  the 
work  with  his  eye;  in  fact,  in  many  cases  an  ocular  inspec- 
tion is  the  only  inspection  made  by  the  authorities,  if  they 
are  satisfied  that  the  contractor  is  honest  and  has  made  the 
other  necessary  tests. 


Portable  Conductors — ■ 

Must  be  made  of  two  stranded  conductors,  each 
having  a  carrying  capacity  equivalent  to  not  less 
than  No.  14  B.  &  S.  wire,  and  each  covered  with  an 
approved  insulation  and  covering. 

Where  not  exposed  to  moisture  or  severe  mechanical 
injury,  each  stranded  conductor  must  have  a  solid  insulation 
at  least  ^\  inch  in  thickness  and  must  show  an  insulation 
resistance  between  conductors  and  between  either  conductor 
and  the  ground  of  at  least  1  megohm  per  mile  after  t  week's 
submersion  in  water  at  TO'  F.  and  after  3  minutes'  electrifi- 
cation with  500  volts,  and  be  protected  by  a  slow-burning, 
tough- braided,  outer  covering. 

Where  exposed  to  moisture  and  mechanical  injury^ — as  for 
use  on  decks,  holds,  and  firerooms — each  stranded  conductor 
shall  have  a  solid  insulation,  to  be  approved,  of  at  least 
ji,  inch  in  thickness  and  be  pmiecied  by  a  tough  braid.  The 
two  conductors  shall  then  be  stranded  together,  using  a  jute 
filling.  The  whole  shall  then  be  covered  with  a  layer  of 
flai,  either  woven  or  braided,  at  least  Vi  inch  -in  thickness. 


The  number  of  switches,  cut-outs,  etc.  can  be  counted  up 
and  their  cost  estimated.  In  measuring  the  length  of  the  cir- 
cuits, do  not  forget  to  take  into  account  the  wire  and  material 
necessary  fur  running  up  and  down  walls  to  switches  or 
outlets.  Margin  should  be  allowed  for  such  material  as 
tape,  solder,  etc.  The  labor  item  will  depend  largely  on 
whether  the  building  to  be  wired  is  an  old  one  or  one  in  tlit 
process  of  construction,  also  on  the  style  of  wiring  used,  si> 
that  the  labor  item  can  only  be  determined  from  a  careful 
insi>ection  of  the  premises  to  be  wired  and  experience  on 
work  of  a  similar  cLiss.  An  ordinary  two-story  dwellinj; 
house  wired  on  the  concealed  knob-and-tube  system  will 
require  about  H  days'  labor  of  a  man  and  helper.  This  is  for 
a  medium  sizud  house.  Some  small  houses  will  require  less 
than  this,  did  houses  require  a  much  larger  expenditure  of 
labor,  because  there  Is  liable  to  be  considerable  molding  work 
1.1  he  done. 
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79.  As  stated  before,  it  is  unsafe  to  assume  a  certain 
cost  per  outlet  in  figuring  on  a  job  of  wiring  unless  one  has 
been  doing  considerable  work  of  a  certain  class.  Asa  rough 
guide,  however,  it  may  be  stated  that  ordinary  dwellings 
wired  on  the  concealed  knob-and-tube  plan  will  cost  from 
$2.00  to  $3.00  per  outlet.  This,  of  course,  does  not  include 
the  fixtures,  but  should  cover  the  cost  of  snap  switches  and 
porcelain  cut-outs.  Ordinary  exposed  wiring  can  usually  be 
run  for  $1.00  to  $1.75  per  drop,  including  rosettes,  cord,  and 
sockets,  though,  of  course,  very  much  depends  on  how  closely 
the  lights  are  grouped.  It  is  evident  that  if  the  lamps  are 
scattered  very  much,  the  cost  of  wire,  porcelain  fittings,  and 
labor  will  be  comparatively  high,  and  this  will  increase  the 
cost  per  drop.  Wiring  with  iron-armored  conduit  is  expen- 
sive, but  it  is  substantial.  It  is  difficult  to  give  any 
figures  as  to  the  cost  per  outlet.  For  small  installations, 
it  will  probably  cost  from  $5.00  to  $0.00  per  outlet;  in  large 
installations,  the  cost  will  be  somewhat  less.  The  student 
must  remember  that  these  figures  are  approximate  only. 
The  cost  in  different  localities  might  vary  widely  from  the 
above,  and  the  only  way  to  make  a  fairly  close  estimate  is  to 
lay  out  the  circuits,  make  a  list  of  the  material  needed,  and 
estimate  their  cost  and  the  probable  labor  required. 


INTERIOR  WIRING. 

(PART  3.) 


COMBINING  SEVERAL.  WIRING 

SYSTEMS. 


STORE    lilGHTING. 

!•  A  large  electric-light  installation  generally  requires 
many  kinds  of  wiring,  and  there  are  usually  special  condi- 
tions that  determine  what  kind  of  work  is  to  be  done  in  each 
locality.  As  an  example,  we  will  take  the  wiring  system  of 
a  certain  department  store  as  it  was  actually  put  in. 

After  a  careful  study  of  the  conditions  existing,  the  man- 
agers of  the  store  concluded  that  enclosed-arc  lamps  were 
best  suited  for  the  general  illumination  of  their  stores,  and 
that  incandescent  lamps  should  be  installed  for  use  at  desks, 
in  closets  and  warerooms,  and  occasionally  in  show  win- 
dows. Accordingly,  the  premises  were  wired  for  250  en- 
closed-arc  lamps  and  500  incandescent  lamps  at  110  volts. 

Separate  feeder  wires  were  run  to  each  of  the  ten  depart- 
ments. The  dynamos  were  installerf-in  the  engine  room  in 
the  subbasement,  one  machine  capable  of  supplying  current 
for  one-third  of  the  lamps  to  be  used  when  the  load  was 
light,  and  one  generator  capable  of  operating  two-thirds  of 
the  lamps,  and  some  small  motors.  When  the  entire  load 
was  on,  the  two  generators  operated  in  multiple. 
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In  tlu-  :il>.>v<-  i:Lhl,-  tlk'  st-.-oml  cnlumn  is  obtained  by 
.lividinn  tlK' vnks,lni[)(|-^,.-))ljytlic  rfsistatice  per  1,0(11.  feet 
'.f  the  various  si/.rs  .if  wire.  The  third  ccilnmn  is  found  liy 
tilkill^!:  the  ap])r(ixiniiHc  valiic  of  the  current  multiplied 
by  4  be.anse  iht-re  is  1  ampere  for  everv  4  feet  of  corniee. 
Thr  f.mrth  eolumn  is  obtained  by  takinjr  .me-half  the  ditTer- 
eiiii-  between  the  sinieediiij;  (juantities  in  eolumn  ;t  and 
adtlinn  this  ditiVrenie  to  tile  (pianlily  in  i-ohimn  3.  For 
i'\aniple.  at  a  iinint  •><)  feet  from  the  end  the  current  iN 
-[.:»:  amiu-res  and  at  a  iinint  ;!■^  feet  from  tht  end  it  i> 
T.SS  amperes.  As  state<l  above,  wc  will  seleet  lenj^ths  of 
wire  that  will  hrin-  ihi-  joinU  between  the  different  si7.es  of 
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Hence,  in  the  first  case  if  we  have  a  current  of  7.88  amperes 
32  feet  from  the  end  and  a  current  of  4.96  amperes  20  feet 

from  the  end,  the  joint  will  be  20  -| =  26  feet  from 

z 

the  end  and  26  feet  of  No.  14  wire  will  be  required.  Also  in 
the  case  of  the  No.  8  and  No.  6  wires,  we  have  19.9  amperes 
80  feet  from  the  end  and  31.7  amperes  127  feet  from  the  end ; 

hence,  the  joint  between  the  two  sizes  will  be  80  -] 

=  103.5  feet  from  the  end.  In  the  table,  the  nearest  even 
feet  are  given,  so  that  this  is  taken  as  104.  In  the  case  of 
the  0000  wire,  the  distance  from  the  end  of  the  line  corre- 
sponding to  a  drop  of  12.5  volts  works  out  1,022  feet,  though, 
of  course,  there  would  not  be  quite  as  large  a  current  as 
255.1  amperes  because  the  line  cannot  be  longer  than 
1,000  feet.  This  quantity  is,  however,  used  in  determining 
the  distance  (915  feet)  of  the  end  of  the  000  wire  from  the 
end  of  the  line.  The  distance  of  the  end  of  the  0000  wire 
must,  of  course,  be  1,000  feet  because  the  cornice  is  1,000  feet 
long.  The  lengths  in  column  5  are  obtained  by  subtrac- 
ting the  successive  values  of  column  4,  for  example  65  —  41 
=  24,  104  -  65  =  39,  etc. 

13«  Cut-outs  of  the  following  amperes  capacity  would 
have  to  be  installed :  # 

15  amperes,  to  protect  Nos.  14,  12,  and  10. 

65  amperes,  to  protect  Nos.  8,  6,  5,  4,  and  3. 
130  amperes,  to  protect  Nos.  2,  1,  and  0. 
160  amperes,  to  protect  No.  00. 
250  amperes,  to  protect  Nos.  000  and  0000. 

This  statement  assumes  that  weather-proof  wire  is  to  be 
used.  Fig.  3  is  a  diagram  of  a  portion  of  the  wiring  in 
place,  showing  the  connections  of  cut-outs. 

14,  Another  method  of  wiring  for  temporary  work  is  to 
put  up  wires  on  the  feeder  system  just  large  enough  to 
carry  the  current,  and  then  calculate  the  drop  and  install 
lamps  of  the  required  voltage.     This  is  a  simple  and  very 
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still  be  furnished  with  uniform  and  steady  light.  The  sugges- 
tions here  given  are  merely  to  set  the  student  thinking 
about  the  matter  of  saving  material.  By  making  every 
installation  a  matter  of  special  study,  until  he  has  thoroughly 
mastered  every  detail  of  the  business,  he  will  discover  many 
ways  of  economizing  labor  and  material  that  cannot  be 
brought  to  his  attention  in  any  other  way.  Before  using 
any  unusual  method,  however,  he  should  make  certain  that 
there  is  no  objection  on  the  part  of  the  Underwriters  or  of 
the  Fire  Department  to  what  he  proposes  to  do. 


HIGH-POTENTIAL  SYSTEMS. 

16,  The  foregoing  rules  have  applied  to  systems  using 
550  volts  or  less.  For  pressures  over  550  volts,  the  following 
rules  apply: 

HIGH-POTENTIAL  SYSTEMS. 

550  TO  3,500  Volts. 

Any  circuit  attached  to  any  machine  or  combina- 
tion of  machines  which  develops  a  difference  of  poten- 
tial between  any  tico  wires  of  over  l>rtO  volts  and 
less  than  3/)00  volts  shall  be  considered  as  a  hiji^h- 
potential  circuit  and  as  coming  under  that  class^ 
unless  an  approved  transforming  device  is  used  which 
cuts  the  difference  of  potential  dozun  to  550  volts  or 
less. 


a.  Must  have  an  approved  rubber-insulating 
covering. 

The  thickness  of  the  insulating  walls  must  not  be 
less  than  those  given  in  the  following  table  for 
B.  &  S.  gauge  sizes: 

From  14  to  1.  inclusive,      ^/. 

From    0  to  500,000  C.  M.,  .f^"  covered  by  a  tape  or 

a  braid. 
Larger  than  500,000  C.  M.,  .^./  centered  by  a  tape  or 

a  braid. 


into  ;i  luiilcliiij^  when  it  ran  be  avoided.  The  danger  to  life 
due  In  their  presenL-e  is  j;reater  than  the  fire  hazard.  An 
arc  on  a  liigli-|)oi(.-nlial  cirrnit  carrying  much  current,  oncc 
starled,  will  continue  lo  burn  even  when  the  points  hclweeti 
which  it  i)lays  are  sejiaraletl  several  inches;  and  a  liirhtniiij.'. 
discharge  can  easily  start  such  an  arc.  High-potential 
systems  of  over  .■.no  volts  arc  iisually  alternating,  Series-aic 
lighting  circuits  are  the  only  important  continuous-current 
high-potential  lircuiis  much  used  in  the  United  Slates. 
■\Vith  the  e\ception  ,.(  arc  lamps,  it  is  seldom  necessary  l.- 
bring  any  high-potential  wires  inside  of  buildings.  "Where 
alternating  current  is  used,  the  line  |)ressiire  is  lowered  by 
means  of  transformers,  and  it  is  never  necessary  to  bring 
the  high-pressure  wires  fanlur  wiiliiu  than  to  substations  or 
transformer  rooms. 

IS.      Ti-aiisfo.-niei->..  -The    onlinaiv    allcrnating-cnrrcul 

traiisrornKre,,nM-.is..f  Uv>.  separate /..iK  of    wire  wound  .xi 


^O 
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an  iron  core  built  up  of  thin  sheets  of  iron.  One  of  these 
coils,  t\iQ primary^  has  a  comparatively  large  number  of  turns 
and  is  connected  to  the  high-pressure  line.  The  other  coil, 
the  secondary,  has  a  small  number  of  turns  and  is  connected 
to  the  lamps  or  other  devices  to  be  supplied  with  current. 
The  high-pressure  current  flows  through  the  primary  and  ' 
sets  up  an  alternating  magnetism  through  the  secondary  and 
induces  an  E.  M.  F.  that  is  proportional  to  the  ratio  of  the 
number  of  turns  in  the  secondarv  coil  to  the  number  of  turns 
in  the  primary.  For  example,  if  the  primary  had  500  turns 
and  the  secondary  50,  the  secondary  voltage  would  be  ^Y^, 
or  ,\^  the  primary  voltage,  and  if  the  primary  were  supplied 
at  1,000  volts,  the  secondary  would  deliver  100  volts.  The 
following  rules  relate  to  transformers.  Transformers  of  good 
reliable  manufacture  will  stand  all  the  tests  named,  but  some 
of  the  old  types  made  a  number  of  years  ago  will  not. 
Special  attention  should  be  paid  to  the  rules  governing  the 
installation  of  transformers  in  buildings.  Cut-outs  on  such 
circuits  must  be  of  some  pattern  especially  designed  and 
approved  for  the  purpose.  Ordinary  fuse  blocks  should  not 
be  used  for  high  voltages. 

li).     Rules    IlelatinjQT    to    Transformer    Construction 
and  Installation. — 

Transformers — 

a.  Must  not  be  placed  in  any  but  metallic  or 
other  non-combustible  cases. 

h.  Must  be  constructed  to  comply  with  the  fol- 
lowing tests: 

1.  Shall  be  run  for  8  consecutive  hours  at  full 
load  in  watts  under  conditions  of  service,  and  at 
the  end  of  that  time  the  rise  in  temperature,  as 
measured  by  the  increase  of  resistance  of  the  pri- 
mary coil,  shall  not  exceed  135'  Fahrenheit. 

2.  The  insulation  of  transformers  when  heated 
shall  withstand  continuouslv  for  5  minutes  a  dif- 
ference  of  potential  of  10,000  volts  (alternating) 
between  primary  and  secondary  coils  and  between 
the  primary  <*oils  and  core,  and  a  no-load  **  run  " 
at  double  voltage  for  'M)  minutes. 


transformers  is  the  yniiindiny  i>f  the  primary  upon  llie 
sco>riilary  wires.  This  may  occur  either  on  accnuiu  «i  a 
lireakili.wn  of  the  insulation  under  workini-  cunditintis  .>r 
hei-ausc  of  lijihtninH  strikiiiji  the  primary  wires.  Eftieicnt 
prulectioii  against  liijluniiin  is  an  essential  part  of  tlie  oiit- 
of-d<n)r  and  central-station  ciuiitiment. 


WlUrX*;   FOlt   AltC    I.AMI'W. 
!i1.     <oiismnt-l',.toiilial    Arc  T.iimi.s.— The  use  of  arc 

nps  ill  niukiple  on  l.iw-jintenlial  circuits  has  already 
en  c-onsi(lered.  AVirin^;  for  these  lamps  Is  done  in  practi- 
lly  the  same  way  as  for  incand<>seent  lamps,  so  that  no 
ecial  cunimcnt  is  necessary.  The  followinj;  special  rules 
laii-  lo  arc  laTn|.s  ojn-raicl  on  |ow-pn>sure  circuits;  a  few 


^ 


lies  upon  which  the  ajiparLitiis  is  oimin;i-ti:(i ;  in  other  words, 
\u-  fiilliminii  rule  imist  In;  complii;(l  with: 

SwIU-lu-s— 

Miisl.    f(ir    ionst;int-i-nrrent    systems,    close    the 

liinic.l  ■■nil":  nuist  Ix;  so  cnnslructcil  that  they 
shall  h,'  automatic  in  actinn.  ni.t  sf  .piling  hctwcen 
l)ninls  whcii  slartcl.  and  must  jin-v.  M  an  arc  he- 
twc.n    ihr    points    Lni.lcr  all  circumstances.      They 

'-il.  'i'lic  ^i-ncr:Li  incihoii  <,|*  instiilliiij;  arc-liKhlinR  wires 
■;  similar  In  that  us,-il  in  other  npcn  work,  except  that  the 
.ire,  niMsi  l.c  rul.licr-cnvcrc.l  an.i  mounted  at  least  A  inches 
pari.      'I'll.-)-  mnsi  aNn  !„■  vci  y  thornui;hly  ]>rniecte<i  against 

ciiilrtual  cnuiart  \>illi  aiivtliinj.;  Hot  itileiuh^d  tn  connect 
Mill   Ihrni.      Tlir  tnllovMti-  VuK-^.  :ipplv  to  the  instalhitii.n  of 


^\ 


an  arc  between  points  v 
Art-  J^ninps — 


ider  all  circumstances, 
witli  rflialile  stniis  t.>  i 


'lit  1 


Must  be  rarefiilly  i 

1  Uiuir  c.\i«>st-<l  ]>arts. 

Mvisl,  (nt 


I   fro  [I 


1  rit ant -fiir rent  systems,  lie  jiro- 
vided  wiUi  an  cipprovtd  liaiul  switch,  also  an  aulo- 
malLc  swLt.'h  tlial  will  shunt  the  current  annind  the 
shnuld  they  tail  to  feed  ]ir<i[)erly. 


The 


whei 


i-itcl 


■e  except  < 

Must  he 
il-ial. 
Must   Ih' 


1  the 


apjjr 


■ed.  if   i.la< 


ny- 
nply  with 


■s  with  a  Rlass 
fasteni;d  upon 
^d  jijobes  to  lie 
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placed  in  series  with  a  10-ampere  arc-lighting  system.  The 
turning  out  of  1  or  2  incandescent  lamps  on  such  a  system 
«rould  throw  too  much  current  on  the  others,  burn  them 
jut,  and  destroy  the  sockets.  Many  other  reasons  forbid 
iuch  connections. 


WIRING  FOR  EI^ECTRIC  MOTORS. 

27.  The  wireman  is  frequently  called  upon  to  connect 
ip  motors.  These  are  nearly  always  operated  at  constant 
potential,  and  the  wires  are  installed  as  for  other  wiring  of 
:his  kind.  They  are  usually  operated  on  110,  220,  or 
)00  volts  direct  current  or  on  similar  voltages  alternating 
:urrent.  Alternating-current  motors  are  usually  run  on 
iither  the  two-  or  three-phase  system.  Care  should  be 
taken  to  see  that  the  interior  wiring  has  sufficient  capacity, 
md  in  order  to  determine  this,  the  current  taken  by  the 
motor  at  full  load  should  be  known. 

It  is  well  to  allow  a  liberal  amount  of  current  for  small 
motors,  because  of  their  low  efficiency.  The  efficiency  of  a 
large  motor  can  be  learned  from  the  manufacturer;  and  high- 
^rade,  high-priced  machines  are  more  efficient  than  cheap 
jnes.  This  is  a  most  important  consideration  to  the  pur- 
chaser. For  the  purposes  of  wiring,  however,  it  is  safe  to 
figure  90  per  cent,  efficiency  for  motors  over  10  horse- 
power in  capacity,  85  per  cent,  for  motors  of  5  horsepower 
^r  over,  80  per  cent,  for  motors  of  2  horsepower  or  over, 
75  per  cent,  for  motors  of  I  horsepower,  and  lower  efficien- 
cies for  motors  of  smaller  sizes.  There  arc  74 ♦>  watts  to  a 
iiorsepower.  Alternating-current  motors  take  somewhat 
more  current  for  the  same  output  than  those  operated  on 
direct  current.  The  accompanying  table  gives  the  ap|)ro.xi- 
mate  value  of  the  current  in  the  lines  for  motors  of  various 
sizes  and  voltages.  These  figures  would  vary  somewhat  in 
individual  cases,  because  the  efficiency  and  otlier  ciiaracter- 
istics  of  motors  vary  consideral)ly.  The  (  urrent  taken  by 
a  motor  at  full  load  is  usuallv  iriven  bv  the  makers  on  the 
name  plate  of  the  machine.  If  it  is  not  given,  the  table  will 
serve  as  a  guide  in  determining  the  size  of  wire  to  be  used. 


any  part  of  the  machine. 

In  casi:  cif  a  machhie  having  a 
is  troulik-  from  static  ek-ctricil; 
slmnld  hf  iivercuni;  by  placing  lU' 
I'liiinci-tcil  li)  thf  i^arth  or  by  (jriviiniling  the  friime  llircniKh 
a  vi-ry  hiRh  rcsislance  of  not  less  than  SIM)  ohms  jK^r  vult 
^.■ncrali-d  Ity  the-  machine. 

h.  Must  be  wired  under  the  siime  precautions  as 
ri-ciiiircii  tiy  rules  fur  wires  carrying  a  current  uf  the 
s;nni-  volume  and  iiotential. 


iaiiin>;  uf  tin-  niutur  at  times  wilhoiit  overfusing  the 

The  imitor  and  resistance  box  ninst  be  pro- 
d  liy  a  tut-out  and  controlled  bv  a  switch,  said 
h  plainly  indicatinji  whether   ■■'on"  or  "off." 

e  1  horsc]ioHcr  or  less  is  used  on  low-tension 
its,  a  siiiKlc-i'olc  sttiicli  H-iU  be  accepted.  The 
h  and   rlK-.i>i.Lt   iniisl    be   located  within  si>;ht 


cil    and   attran 
t /,  causing  iIk 
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hammer  h  to  strike  the  bell.  This  movement  breaks  the 
circuit  between  s  and  /,  and  the  iron  cores  being  thereby 
demagnetized,  the  spring  c  draws  the  armature  away,  when 
the  spring  /  again  touches  the  screw  5",  completing  the  cir- 
cuit. As  long,  then,  as  the  battery  current  is  free  to  flow, 
this  vibration  of  the  armature  and  hammer  will  continue. 
The  tension  of  the  release  spring  c  may  be  changed  to  suit 
the  strength  of  the  battery  by  means  of  the  regulating 
screw  r,  which  is  provided  with  nuts  for  this  purpose  on  each 
side  of  the  supporting  pillar.  The  bell  mechanism  is  usually 
enclosed  to  prevent  entrance  of  dust  or  insects,  which  may 
interfere  with  the  working  of  the  bell  by  lodging  on  the 
contact  points,  thereby  preventing  the  current  from  passing 
through  the  magnets. 

38.  The  bell  just  described  is  of  the  common  vibrating 
class.  When  a  bell  is  required  to  give  a  single  stroke  each 
time  the  circuit  is  closed,  that  is,  for  each  pulsation  of  cur- 
rent, a  slight  difference  in  the  connection  of  the  ordinary 
bell  is  necessary.  A  wire  is  connected  between  the  end  of 
the  magnet  coil  ;//  and  the  terminal  /,  so  that  the  circuit  is 
simply  from  one  terminal  to  the  other  through  the  coils. 
Hence,  when  a  current  passes  through  the  coils,  the  arma- 
ture is  attracted  and  held,  a  single  stroke  being  given  to  the 
bell;  on  interrupting  the  current,  the  armature  is  drawn 
back  to  its  normal  position  by  the  spring  c. 

33.  The  buzzer,  shown  in  Fig.  0,  is  used  in  places  where 
an  electric  bell  would  be  undesirable,  as  in  small,  (piiet 
rooms  or  on  desks,  and  is  constructed  on  the  same  principle 
as  the  bell  except  that  the  armature  does  not  carry  a  ham- 
mer. In  the  illustration,  the  cover  c  is  removed,  showing 
the  magnet  coils  /;/,  ///'  and  the  armature  a.  An  adjusting 
screw  .y  is  provided  to  regulate  the  stroke  of  the  arnialnre 
and  the  consequent  intensity  of  sound.  The  wins  from  the 
push  button  and  battery  are  secured  at  ^/aiid  <,  and  on  clo- 
sing the  circuit,  the  rapid  vibration  of  the  armature  causes 
a  humming  or  buzzing  sound,  whence  the  name. 
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terminals  at  the  ends  of  the  row  of  cells  connected  to  the 
line  wires. 

35.  Electric  bells  can  be  had  of  all  sizes,  from  mere 
tinklers  up  to  the  largest  fire  gougs.  Very  cheap  bells 
should  not  be  used.  They  require  much  battery  power, 
and  soon  get  out  of  order.  Trouble  is  usually  found  first  at 
the  contact  points  or  the  armature  pivot.  Contact  points 
should  be  tipped  with  platinum  or  silver;  platinum  being 
much  the  better  material  for  this  purpose,  as  it  never  cor- 
rodes or  tarnishes,  but  it  is  more  expensive  than  silver, 
which  is  much  used. 

36.  In  an  ordinary  dwelling  there  are  usually  not  less 
than  three  electric  bells,  one  located  at  a  convenient  point 
in  the  hall  with  a  push  button  at  the  front  door;  one  in  the 
kitchen  with  a  push  at  the  back  door,  and  one,  a  buzzer, 
located  in  the  kitchen  with  a  push  in  the  dining-room  floor. 
These  bells  may  all  be  operated  by  the  same  battery.  The 
battery  should  be  placed  in  a  cool  place,  but  where  it  never  is 
cold  enough  to  freeze;  preferably  in  the  cellar,  where  the 
air  is  not  so  dry  that  the  water  in  the  cells  evaporates  rapidly. 
Cells  should  not  be  allowed  to  become  dry.  Water  should 
be  added  from  time  to  time  so  as  to  keep  the  level  of  the 
solution  up  to  the  proper  height,  which  is  usually  marked 
on  the  glass  jar. 


BATTERIES. 

87.  Many  different  types  of  cell  are  manufactured  that 
are  suitable  for  bellwork.  Most  of  those  used  for  bcllwork 
are  of  the  open-elreult  type.  They  are  intended  to  furnish 
current  for  short  intervals  (mly  and  will  run  down  if  used 
continuously.  Crosses  between  the  wires  or  grounds  will 
often  cause  the  cells  to  run  down  rapidly.  Most  of  these 
cells  will  recover  to  a  certain  extent  if  allowed  to  stand  for 
a  while  on  open  circuit,  but  they  should  never  be  allowed 
to  become  short-circuited  if  it  is  possible  to  avoid  it. 


extent  in  connection  witli  light  bellwork  and  portable  elec- 
trical devices.  There  are  many  varieties  oi  electric  cells, 
some  of  wJiicli  are  very  useful  and  econ.MnicaJ.  luit  they  all 
re<|ULre  more  or  less  care,  The  stvidy  i>f  the  merits  ami 
demerits  of  tliesc  devices  is  not  within  the  sc.ipc  of  thi> 
Course. 


;{H.  'I'lu-  T..'cliineli.'  Ci-H.-Fii;.  S  shows  a  type  of  cell 
hat  has  ]n:rn  lari^'ely  vised  for  l.clhvurk.  It  c.msists  of 
I  i.nrous  (lip  /',  nmtainini:  the  rarlMm  clectr.jde  C,  to  "hich 
I  liindint;  |M.st  A'  is  attached:   a!s.>  a  i-.iic  rod  Z.  l.oth  bein^; 


«h,; 


jai 


The 


is  provided  «iih  a  l.in.liii-  s,  ,ew  /;,.  wiiich  serves  as  the 
nejfative  tcrniiiial  of  ihc  cell,  /.'  hciiii;;  the  positive  terminal. 
Pefore  the  battery  will  furnish  current,  the  jar  must  he 
(llled  to  the  point  shnwn  in  the  cut  with  a  saturated  solu- 
tion of  sal  amm-nia.-.  and  h.  <nnncrt inj:  up.  the  ;.inc  ,.f  one 
jar  is  joined   by  a  short   pie.e  m|    „i,-,.   ,,,  Hu;  carbon  of  the 


Iii-Il  wires  art;  kcjit  well  away  fnun  ek-ctrir-lisht  wires. 


i;t.     sirnpU-     li<-ll    Cli-.-iiit.  — A    siniplf    hell    circuit    is 
sh,,«ii  ill  i-ii^,  I-;.      A  l>:uirry..r  iw.  Lcclaiulu-  cells  r.  <■  cun- 
ncrU'.l  ill  scries  fiiniislics 
cun-ein     U>    llic     iicll    /'. 


'T  A 


lucatci 


he  hniisc.  and'  the  juish 
i.tt.m  /  is  i>lacetl  at 
ny  cnnvenicnl  point. 

(4.    r^aitciisOiHT- 

H.l  li-oniOnoroliit.— 


rA 
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Fig.  18. 


This  may  be  accomplished  by  one  of  two  methods.  One  is 
to  connect  the  bells  in  multiple  arc  across  the  leads,  as  in 
Fig.  13,  so  that  each  one 
is  independent  of  the 
others,  the  bells  ^,  d  be- 
ing on  separate  branches. 
The  battery  B  is  repre- 
sented in  this  diagram 
in  the  manner  generally 
adopted,  the  fine  line  indi- 
cating the  carbon  of  the 
cell  and  the  heavy  line 
the  zinc.  The  other  meth- 
od, making  use  of  a  series 
arrangement,  is  shown  in  Fig.  14.  This  is  often  preferred 
to  the  first  method,  because  there  is  usually  a  saving  of 

wire  in  its  use,  but  it  is 
necessary  to  change  all 
but  one  of  the  bells  to 
single  stroke.  The  reason 
for  this  is  that,  unless  the 
bells  were  exactly  similar 
in  their  adjustment,  the 
period  of  vibration,  or  rate 
of  swing,  of  the  armatures  would  be  different,  and  the  inter- 
ference would  prevent  satisfactory  ringing  of  the  bells.  If, 
however,  one  bell  is  free  to  vibrate  and  the  rest  are  all 
changed  to  single  stroke,  very  little  adjujitment  of  each  one 
will  be  required  to  produce 
a  strong  clear  ring. 
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45.  One  Bell  Operated  , — 
From  Two  Points.— When  ^^1. 
it  is  desired  to  ring  a  bell 
from  two  different  places, 
a  simple  series  circuit  can- 
not be  used,  because  there 
would  be  a  break   at   each 


^ 


•■»■ 

Fig.  15. 


to  devise  the  best  ar- 
range inenl.  The  dioioe  be- 
tween series  and  iiarallt-l  connertinri  nf  the  liells  will  depend 
iin  whieh  is  more  eeunoniieal  in  copper  for  Ihe  line  wires. 
Plaeinif  tlie  bells  in  iiniltiple  requires  a  larger  vohime  of 
eiirrent  to  be  supplied  than  when  they  are  iii  series,  because 
th.^  total  eurrent  subdivides  amon^  all  the  bells.  This  calls 
for  a  larjiu  battery  anil  large  wires.  When  the  branch 
circuit  cimiainin};  one  bell  is  very  nnnh  longer,  and  hence 
of  higher  resistance  than  the  branch  containing  another 
bell,  the  current  will    not    divide   equally   between   the  two 


bells,  andhei 
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47.     wiring:  for  Three  Bells  and   Three  Push  But- 
tons.— Fig.  18  shows  a  plan  of  wiring  that  is  often  used  for 
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PlO.  18. 


the  bell  system  in  a  small  dwelling  where  no  annunciator 
is  used. 

48,  Wiring  for  Simple  Annunciator. — A  wiring  dia- 
gram for  a  simple  annunciator  system  is  shown  in  Fig.  19. 
The  pushes  7,  ^,  5,  etc.  are 

3¥1 
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located  at  convenient  points 
in  the  various  rooms,  one 
terminal  being  connected 
to  the  battery  wire  b  and 
the  other  to  the  leading 
wire  /  communicating  with 
the  annunciator  drop  corre- 
sponding to  that  room.  The 
battery  wire  is  run  from 
one  pole  of  the  battery  direct 
to  one  side  of  each  of  the 
pushes.  The  other  side  of 
each  push  is  then  connected 
to  its  drop  on  the  annun- 
ciator. A  battery  of  three  or  four  Leclanc^hc  rclls  is  |)lared 
at  n  in  any  convpnient  location,  l)ut  should  not  Ix.*  sci  in  a 
dark  or  inaccessible  spot  or  be  exposed  to  frost. 


Fl(i.  10. 
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lonm  I-  till  ,  \  iiiijjli  Nn  ;  Ti  li  \sis  till  (.(.irespondingdriip 
mil   luusih,   r.ni,,    |.,1|/        Ilu  pull  nf  ihi,  turreiit  ih  then 
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50.  In  installing  annunciator  systems,  it  is  usual  to 
run  the  battery  wire,  which  is  No.  1-1  or  l(i  annunci- 
ator wire,  through  the  building  at  some  central  portion. 
If  there  are  many  rooms,  it  will  be  advisable  to  splice 
on  a  length  of  No.  18  wire  to  extend  from  the  push 
in  each  room  to  the  battery  wire.  The  connection  from 
the  other  side  of  the  push  button  to  the  annunciator,  that 
is,  the  leading  wire,  should  be  No.  18.  For  the  return- 
call  system,  a  battery  of  four  or  five  Leclanche  cells  is 
required. 

All  wires  used  in  annunciator  service  should  have  dis- 
tinguishing colors  to  prevent  confusion. 
The  battery  wire  may  be  blue,  the 
return  wire  red,  and  the  leading  wires 
white.  This  arrangement  will  greatly 
simplify  the  connections  and  reduce  the 
liability  of  mistake. 

51.  WlrlnK  for  Klevator  Anniincl- 

ator. — The  wiring  for  an  elevator  annun- 
ciator does  not  differ  greatly  from  that 
of  a  simple  annunciator;  in  fact,  the 
scheme  of  connections  is  essentially  the 
same.  A  battery  wire  b.  Fig.  Ti,  is  run 
up  the  shaft  and  connected  ti)  each  push 
button  on  the  different  floors.  The  return 
wires  from  each  button  are  then  carrit-d 
to  a  point  a  at  the  middle  of  the  shaft. 
where  they  should  terminate  in  a  small 
connection  Iward,  so  that  they  may  he 
readily  disconnected  from  the  wires  in  the 
cable  running  to  the  cage  c.  The  win-s 
running  from  theconnection  board  ti)  the 
cage  are  in  the  form  of  a  flexible  calile, 
which   is  made  espei-ially  for  this   kind 

of  work.  This  cable  contaiiiJi  one  ni-.r.'  wire  than  tlnTi- 
are  push  buttons,  because  it  has  tn  proviile  t'i>r  the  return 
wire  r. 


cunru-ctii.n  t"  iIil-  fijiriii!,'  cuiitact  </,  wlncti  is  insuhitt-d  from 
llio  franiL- and  all  uth.-r  wires.  Tlu-I)cll  rimiit  is  cLisc*!  first 
Ihn.iighf/-/'  by  m,-arisof  tho  push  Imu.m:  the  armature,- 
;  attratt<.-<l.  tht-re 


-i-Jhr—.      1^  at  uiuc  attracted,  there- 
[J  hyrel,-asiMtcther.„limne,c, 

Q         whirli  falls  by  gravity  and 


liL;lu    wirin-      Or.liiuiry    Ix-ll 


in  i:i.i.  m:    \i.  \l;^l>. 
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circuit -closing  device  being  substituted  for  the  push  button. 
A  window  spring  used  in  this  system  is  shown  in  Fig.  'i7. 
This  is  let  into  the  window  frame,  the  cam  i^  alone  projecting; 
when  the  window  is  raised,  the  cam  is  pressed 
in,  revolving  about  the  pin  /,  and  makes  contact 
with  the  spring  s,  which  is  insulated  from  the 
plate  by  a  washer  at  the  lower  end  and  is  nor- 
mally prevented  from  touching  the  cam  by  an 
insulating  wheel  w.     The  wires  from  the   bell 
and    battery   are   connected    to   the   plate   and 
spring,  respectively.     The  annunciator   used  is 
much  the  same  as  that  employed  for  bellwork, 
but  additional,  convenient  attachments  are  usu- 
ally placed  on  it,  such  as  a  device  to  keep  the 
bell  ringing  until   the  annunciator  is   reset,   a 
clock  to  connect  and  disconnect  the  system  at 
certain  hours,  etc.     The  annunciator  is  usually 
equipped  with  a  small  button  over  each  dn)p, 
which   when   pushed   will  complete   the  circuit 
and  cause  the  drop  to  fall  if  there  happens  to 
be  any  door  or  window  open.     These  are  very 
useful   for  testing   out   to  see  if   everything  is 
closed.     All  these  appliances  belong  to  the  an-         ^'"-  ^■ 
nunciator  itself  and  do  not  affect  the  general  plan  of  wiring, 
which  is  carried  out  in  the  same  way  as  for  bell  wiring. 

itomatic  switches 
held  together 


when  the  alarm  is  set, 
door  breaks  thi: 


;<;.  Tn  m.iU  ih.-  l.Hali..ii  ..t"  i^rouiuis  .msv,  it  is  advisal 
iiui  M'lMH.i,-  wnv>  tn>m  a  <li--^inl)U tiller  point  iit-ar  t 
U'ty  t..  -M.!!  fiMuiv  or  -nmp  of  ri.\tiir<:-s.  Thu  wii 
I  Ix-  i-i>nnriii';l  i.'.^i'iIkt  at  iliai  point  l)y  niL'ans  of  a  ■.■■ 
liiii;  b^..Li.l,  at  whiili  any  li\tiirt'  I'an  be  disconnectfd. 
i-  inaki-  tin-  |M,-,uion   and   ivnu'val  of  yronnds  an  easy 

I    using    I'oili    plain     pendant    and    antomatic    burners. 
I-    distiibutni-'    I'oaid    IS    sliown    at    P.      The    automatic 

-:ur  is  i-iovid,d  Willi  a  douM,-  push  button  i:  When 
daik  I'linon  IS  pi,>>>rd,  till-  light  is  f\tinjvuished:  when 
light    Imtioii    is    pushfil,    the    gas    is    turned     cin    and 


as  been  used  as  part 
tlMines  Vise  gas  only. 
■  lure.s,    the    jjas  pipe 
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must  not  be  used  as  part  of  the  circuit.     The  connections 
are,  however,  essentially  the  same.     All  that  is  necessary  is 
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to  use  an  additional  wire  instead  of  the  pipe.  The  following 
Underwriters'  rules  relate  to  gas-lighting  wiring  in  connec- 
tion with  electric-light  fixtures. 


Electric  Gas  Ugrhtlngr. — 

Where  electric  gas  lighting  is  to  be  used  on  the 
same  fixture  with  the  electric  light: 

a.  No  part  of  the  gas  piping  or  fixture  shall 
be  in  electric  connection  with  the  gas-lighting  cir- 
cuit. 

b.  The  wires  used  with  the  fixtures  must  have 
a  non-inflammable  insulation,  or,  where  concealed 
between  the  pipe  and  shell  of  the  fixture,  the  insu- 
lation must  be  such  as  required  for  fixture  wiring 
for  the  electric  light. 

c.  The  whole  installation  must  test  free  from 
**  grounds." 

d.  The  two  installations  must  test  perfe(^tly  free 
from  connection  with  each  other. 
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QUESTIONS   AND   EXAMPLES 

Relating   to  the    Subjects 
Treated  of  in  this  Volume. 


It  will  be  noticed  that  the  Examination  Questions  that 
follow  have  been  divided  into  sections,  which  have  been 
given  the  same  numbers  as  the  Instruction  Papers  to  which 
they  refer.  No  attempt  should  be  made  to  answer  any  of 
the  questions  or  to  solve  any  of  the  examples  until  that 
portion  of  the  text  having  the  same  section  number  as  the 
section  in  which  the  questions  or  examples  occur  has  been 
carefully  studied. 


ELECTRIC  LIGHTING. 

(PART  1.) 


EXAMINATION   QUESTIONS. 

(1)  Explain  the  action  of  a  frequency  changer. 

(2)  (a)  Make  a  sketch  showing  how  you  would  connect 
two  large  transformers  on  a  single-phase  system  to  feed  three- 
wire  secondary  mains,  (d)  What  are  some  of  the  advantages 
gained  by  supplying  customers  from  secondary  mains  rather 
than  from  a  number  of  small  transformers  ? 

(3)  (a)  How  are  incandescent  lamps  generally  connected  ? 
(b)  How  are  they  sometimes  connected  on  220-volt  and 
500- volt  power  circuits  ? 

(4)  Describe  briefly  two  methods  of  operating  a  three- 
wire  system  by  means  of  a  single  220-volt  dynamo  with 
auxiliary  apparatus  to  take  care  of  the  balancing. 

(5)  {a)  Name  the  principal  parts  of  an  incandescent 
lamp.  (d)  Of  what  is  the  filament  made  ?  {c)  What 
material  is  used  for  the  leading-in  wires  and  why  is  this 
material  used  ? 

(6)  (a)  What  three  styles  of  lamp  base  are  in  most  com- 
mon use  ?  (b)  Which  one  of  the  three  is  used  to  the  greatest 
extent  ? 

(7)  (a)  What  is  the  common  unit  used  for  expressing  the 
brightness  of  a  source  of  light  ?  {d)  To  how  many  Hefner 
units  is  1  standard  candle  equal  ? 
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(II)  (<f)  At  alimu  what  tfiniR-rature  is  the  filament  of  an 
iiHjituk'sc.'iu  lami.  w..ik.a?  (/')  What  is  a  fair  value  fur 
lliL-  miiiilHT  of  «;ms  cnnsiiiiieii  per  candlepower  of  an  ordi- 

(1-^)  AhniitliDWiiiany  Hl-can(llc[xnvt:r  lampscan  a  30-kilo- 
walt  liyiiamn  nm  ?  Ans.   5U0, 

(i:!)  (,/)  What  is  lh,'f^v,KT-aii,i-mai[i  system  of  distrilni- 
ti-m?     {/,)   Whalar.  Us  advanlagvs  ' 


r.imp  v.^lta^;.-,  :m<l  thriL  in  tlic  iiiriin^  D  3  ptr  cent,    of  the 
lain|>  vmIu.),'.-;  Ui<j  cin>|)  in  mains  E  is  to  he  5   per  cent, 
til.-  l:un|.  v.,Uan(-.      The  <li,.tan,-L-s  and  number  of  lamps  sup 
pli-1  an:  a^  shr>wii  „n  ih,:  ll-ure.      Culuulate   {a)   tho  si/.e  nt 
fcvd,;rs  C;   (/',  the  si^e  uf  mains  /);    (, )  the  siz^  of  mains  /:. 

\   I")        :.4,;sj  cir.  1 
An..       1^,      l^:-,?-;:  dr.  mils. 

i  K')        1-^,371  cir.  mils. 


^ 
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(24)  {a)  What  voltages  are  ordinarily  used  for  operating 
incandescent  lamps  ?  (/;)  Give  a  table  showing  the  approxi- 
mate current  required  by  some  of  the  ordinary  sizes  of 
lamps. 

(25)  Three  thousand  16-candlepower  incandescent  lamps 
are  to  be  operated  at  a  point  20,000  feet  from  the  station. 
The  total  loss  in  power  is  to  be  limited  to  15  per  cent.,  10  per 
cent,  of  which  is  to  be  lost  in  the  transmission  line  and 
5  per  cent,  in  the  secondary  wiring  and  transformers.  The 
lamps  require  3.5  watts  per  candlepower,  and  the  voltage  at 
the  end  of  the  line  is  to  be  4,000.  Find  the  size  of  the  line 
wires  required  if  the  three-phase  alternating-current  system 
is  used.  Ans.  26,460  cir.  mils;  a  No.  6  B.  &  S. 
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ELECTRIC    LIGHTING. 

(PART  2.) 


EXAMINATION  QUESTIONS. 

(1)  Name  three  of  the  principal  ways  in  which  storage 
batteries  may  be  used  to  advantage  in  connection  with 
lighting  plants. 

(2)  Describe  the  action  of  the  Stanley  electrostatic  ground 
detector. 

(3)  Give  a  list  of  the  most  important  instruments  and 
appliances  used  on  a  lighting  switchboard. 

(4)  (a)  For  what  are  potential  regulators  used  in  lighting 
plants  ?     (b)  Describe  the  action  of  the  Stillwell  regulator. 

(5)  {a)  How  many  field  rheostats  are  generally  used 
for  each  alternator  on  an  alternating-current  switchboard  ? 
{b)  Where  are  these  rheostats  connected  ?  (r)  Is  one  field 
rheostat  in  series  with  the  shunt  field  of  the  exciter  sufficient 
to  control  the  field  excitation  of  an  alternator  ? 

(6)  {a)  Make  a  sketch  showing  how  three  lamps  may  be 
connected  so  as  to  indicate  grounds  on  a  three-wire  system. 
(i)  Describe  the  action  of  the  lamps  when  a  ground  takes 
place  on  each  of  the  lines. 

(7)  (a)  For  what  are  current  transformers  used  ?  (b) 
Make  a  sketch  showing  how  a  current  transformer  would  be 
connected. 
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till'  liars  ;iii(1  H'vc  the  dimensions  nf  a  linr  that  would  answer? 
Ans.    AI).>iU  I,:!  si|.  in.,  or  :!  in    ivide  liy  ,\  in.  thiek. 

(I.'i)  U'IkiI  air  iiiesMHc  wires  and  for  what  purpose  are 
they  nse.i? 

(IC)  {.>)  W\v.i\  is  an  el.-etrustalie  v..ltmcler  ?  (/-)  Does 
an  eleeln.slalie  vollnieter  require  any  eiiiTenl  for  its '>]>era- 
tion  ? 

(i:)  {„)  For  ^^hat  are  polenlial  iransformers  used  ?  {/■) 
Mal;e  a  sketeh  showing;  how  .i  |)oU-nUal  transformer  is 
eonneeled. 

(IS)  Explain  the  aeiion  of  the  Thomson  inclined-enil 
type  of  alternatinii-eurrenl  aninieler. 

(M.I)  Wliat  is  an  amiiKter  sluint  and  for  what  purpose  is 
it  nsed  ? 

I-M)  {„)  Is  it  neeessar-v  lo  e,piip  eaeh  dvnamo  in  a  li-ht- 
ill-    -l.aion     with    :oi    ainineler.    an.l    if   so,    why?      (/o    Is   it 
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(21)  If  the  equalizer  is  connected  to  the  positive  side  of 
a  machine,  in  which  side  should  the  ammeter  be  connected  ? 
Give  reason  for  your  answer. 

(22)  (a)  For  what  are  pilot  lamps  used  ?  (d)  Should 
they  be  connected  back  of  the  main  switch,  i.  e.,  between 
the  main  switch  and  the  dynamo,  and  if  so,  why  ? 

(23)  How  is  the  voltage  of  storage  batteries  used  in 
lighting  plants  usually  regulated  ? 

(24)  Draw  a  diagram  showing  how  you  would  connect 
two  compound-wound  direct-current  dynamos  for  parallel 
operation.  The  machines  are  to  feed  four  circuits,  each 
circuit  being  provided  with  a  main  switch  and  fuses.  Each 
dynamo  is  to  be  provided  with  a  main  switch,  circuit- 
breaker,  ammeter,  voltmeter  plug,  and  pilot  lamp.  Also 
provide  one  voltmeter  for  connection  to  either  dynamo. 

(25)  (a)  For  what  are  compensators  used  ?  {d)  Explain 
the  action  of  the  Mershon  compensator. 


ELECTRIC   LIGHTING. 

(PART  8.) 


EXAMINATION  QUESTIONS. 

(1)  Describe  the  general  construction  of  a  horizontal 
type  ratchet-feed  searchlight  lamp. 

(2)  Name  some  of  the  things  that  will  cause  burned-out 
shunt  coils  in  series  arc  lamps. 

(3)  What  are  some  of  the  main  points  of  difference 
between  an  alternating-current  constant-potential  arc  lamp 
and  a  direct-current  constant-potential  lamp  ? 

(4)  What  should  be  the  length  of  arc  (a)  for  a  2i,000-nom- 
inal  candlepower  series  arc  lamp  ?  (d)  for  a  1,200-nominal 
candlepower  lamp  ? 

(5)  What  is  likely  to  happen  if  constant-potential  en- 
closed-arc  lamps  are  operated  on  a  higher  voltage  than  that 
for  which  they  are  adjusted  ? 

(6)  (a)  What  kind  of  wire  is  generally  used  for  arc- 
light  lines  ?  {b)  Why  is  it  advisable  to  have  an  arc-light 
line  divided  into  loops  that  can  be  cut  out  by  means  of 
switches  ? 

(7)  (a)  What  is  meant  by  a  carbon-feed  enclosed-arc 
lamp  ?  (i)  What  are  some  of  the  advantages  and  disadvan- 
tages of  a  carbon  feed  ? 

(8)  At  what  current  and  voltage  are  series  enclosed-arc 
lamps  commonly  operated  ? 
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(Inl      I.J)   What 


>:rilHiti..n  is  used  almost 
cx.-lusivL-Iy  i.r  s;r^-^-t  !i-hufi-by  nK-;in>  ..t  arc  lamps?  (/') 
Hmh-  .M-v  l.im.ps  >wi;.",->l  ..-,;;  ..n  su.h  a  circuit?  (<)  How 
must  tlu-  vi'!i;i,L,'c  "1  tin-  ilyr.amn  supplying  such  a  circuit 
vary  uiiii  tiic  l-aii  ?  i/)  Dnts  liic  currtnt  varv,  ami  it  not, 
h..w  i- it  kvpt  cT-ta;;:? 

{Xr.)  ,.!,  Wh.a  \<  :,  mif.ti.-ircnit  arc  machine?  {/>]  Ex- 
plain, by  iH'-ans  Ml  ,iiaj;rani>.  the  .-.icrati'in  nt  two  arc  rir- 
cuils  lO'iii  oi-.c  niacliinc  am!  pi'int  I'lti  the  aiivaiitaj;cs  that 
are  claimed  I-r  this  nuth-d  ■■(  ..pcraii..,,. 

^imately.  do  the  following 
■n-mnc:    I  M  a  ■,',i>,i.i  [>'m;;ial  caiidlcpower  open-arc 

^/■i  Why  ,;..  en,;..>ed  -  '  ■  ■ 


(K)      H.'w  many  watt:; 


ips    require    a  higher 
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grade  of  carbon  than  open-arc  lamps  ?     (c)  What  material 
is  generally  used  for  making  enclosed-arc  lamp  carbons  ? 

(19)  {a)  Make  sketches  showing  at  least  three  of  the  dif- 
ferent methods  of  arranging  the  carbons  for  searchlights  or 
other  projection  apparatus,     {b)  What  is  a  Mangin  mirror  ? 

(20)  {a)  In  direct-current  lamps  why  should  the  upper 
carbon  always  be  connected  to  the  positive  side  of  the  line  ? 
{/f)  How  would  you  find  out  whether  a  lamp  were  burning 
**  upside  down  "  or  not  ? 

(21)  Does  the  direct-current  enclosed  arc  form  a  well- 
defined  crater  like  the  direct-current  open  arc,  and  if  not, 
what  shape  do  the  carbon  points  assume  ? 

(22)  What  amount  of  current  do  open-arc  direct-current 
series  lamps  usually  take  ? 

(23)  (a)  What  is  an  enclosed  arc  ?  {/?)  How  does  the 
consumption  of  carbon  in  an  enclosed  arc  compare  with  that 
in  an  open  arc  ?  (c)  Give  a  description  of  the  general 
arrangement  of  an  enclosed  arc. 

(24)  What  are  the  characteristic  features  of  a  direct- 
current  arc  formed  in  open  air  between  carbon  points  ? 

(25)  (a)  What  is  the  approximate  temperature  of  the 
electric  arc  ?  (d)  Does  an  arc  lamp  using  a  large  current 
produce  a  higher  temperature  at  the  arc  than  one  using  a 
small  current  ?  (r)  What  is  the  effect  of  increasing  the  cur- 
rent supplied  to  an  electric  arc  ? 

(26)  (a)  In  what  direction  does  an  open-arc  direct- 
current  lamp  throw  the  greatest  amount  of  light  ?  (/^)  Why 
should  reflectors  be  used  with  alternating-current  arc  lamps  ? 


ELECTRIC   LIGHTING. 

(PART  4.) 


EXAMINATION   QUESTIONS. 

(1)  In  Fig.  31,  where  would  the  plugs  be  inserted  if 
machine  A  were  connected  to  circuit  T  and  if  machine  C 
were  running  circuits  9f  and  S'  in  series,  machine  B  being 
shut  down  ? 

(2)  Draw  a  diagram  showing  how  you  would  connect  a 
pair  of  Thomson  lightning  arresters  on  an  arc-light  circuit. 

(3)  How  would  you  cut  out  an  open-circuited  coil  on  an 
arc  machine  having  a  closed-circuit  ring  armature  ? 

(4)  {a)  Into  what  two  classes  may  constant  direct-cur- 
rent arc  machines  be  divided  ?  (b)  Name  some  common 
makes  of  machine  belonging  to  each  of  the  classes. 

(5)  For  what  are  transfer  boards  used  in  connection  with 
arc-light  switchboards  ? 

(6)  How  would  you  locate  a  ground  on  an  arc  line  by 
using  a  voltmeter  ? 

(7)  Give  a  general  description  of  the  method  by  which  a 
Brush  arc  machine,  equipped  with  an  oil  regulator,  is  made 
to  regulate  for  constant  current. 

(8)  Name  some  of  the  chief  points  of  difference  between 
the  new  and  old  styles  of  Brush  arc  dynamo. 
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brushes  on  a  T.  H.  machine  when  running  under  normal 
conditions  ? 

(ir,)  Name  some  of  the  different  methods  that  maybe 
used  for  operating  series  arc  lamps  from  constant -potential 
alternators. 

(17)  Give  some  of  the  defects  that  will  lead  to  flashing 
on  a  T.  H.  arc  machine. 

(|K)  Describe  the  method  of  locating  a  break  in  an  arc- 
light  line  hy  using  a  magneto-bell. 

(IK)  (u)  Why  is  it  that  in  some  cases  two  arc  machines 
will  not  regulate  well  when  run  in  series  ?  {d)  How  would 
you  remedy  matters  ? 

(•i<\)  Name  some  of  the  defects  that  will  give  rise  to 
excessive  sparking  at  the  brushes  of  a  T.  H.  arc  dynamo. 

(21)  How  would  you  right  matters  if  the  polarity  of  a 
series  arc  machine  should  become  reversed  ? 
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(22)  For  what  purpose  is  a  rheostat  sometimes  used  in 
shunt  with  the  field  of  a  Thomson -Houston  arc  dynamo  ? 

(23)  Describe  how  you  would  locate  a  ground  on  an  arc- 
light  line  by  using  a  magneto-bell. 

(24)  If  a  coil  on  an  armature  is  cut  out  on  account  of  a 
short  circuit  in  it,  why  should  the  coil  be  rewound  before  an 
attempt  is  made  to  operate  the  machine  ? 


INTERIOR  WIRING. 

(PART  1.) 


EXAMINATION   QUESTIONS. 

(1)  In  wiring  a  building  for  incandescent  lamps,  why  is 
it  important  to  have  the  drop  in  the  various  circuits  limited 
to  a  small  amount  ? 

(2)  {a)  For  what  class  of  work  is  **  slow-burning " 
weather-proof  wire  allowable  ?  (d)  How  must  this  wire  be 
supported  ? 

(3)  Where  do  the  Underwriters*  rules  require  automatic 
cut-outs  (fuses  or  circuit-breakers)  to  be  placed  ? 

(4)  (a)  Why  is  it  poor  economy  to  burn  incandescent 
lamps  after  they  have  become  dim  ?  (b)  What  is  the  effect 
of  burning  lamps  above  their  normal  voltage  ? 

(5)  How  would  you  calculate  the  sizes  of  wire  required 
for  house  wiring  on  the  three- wire  110-220- volt  system  ? 

(6)  Current  is  supplied  to  120  lO-candlepower  110- volt 
incandescent  lamps  on  the  three-phase  system.  What  will 
be  the  current  in  each  of  the  three  wires  if  each  lamp 
requires  ^  ampere  ?  Ans.  34.6  amperes. 

(7)  (a)  About  how  many  watts  per  candlepower  does 
an  ordinary  incandescent  lamp  take  ?     (d)  A  32-candlepowcr 

§26 


sizi-  wire  will  be  n.-qiiirL'(l  ?  {/>)  What  size  wire  would  be 
ici]uired  if  the  carryini^  capacity  alone  were  considered  ? 
Assume  llial  wi-atlnT-pmof  wire  is  used. 


■wvn  l.y  llu-  I'nd 
^■iiv;   if  not.  «hy 


ty  of  rubber-covered  wire  as 
arge  as  that  of  weather-pnxif 


In  avniil  ;i  ihop  whcu  couuLitiiij;  loustaiit-putential  arc 
lauips? 

(ir,)  [„)  Arc  the  odd  si/cs  of  wire  between  Xos.  7  and 
1  1  used  for  iiiu-rior  wiriiii^:.  and  it  not,  whv  ?  {^)  What  is  a 
mil  > 

(b-.)      In    l.iviiii;-   ou 


.inch  circuits,  what  determines 
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(IS)  The  illustration  shows  a  wiring  plan  of  a  network 
that  supplies  current  to  llO-volt  lamps  and  motors  as  indi- 
cated, (a)  Make  a  sketch  and  indicate  the  current  flowing  at 
a,  b,  r,  d,  and  e.     {b)  Mark  the  sizes  of  wire  necessary  for  the 
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various  parts  of  the  system  in  accordance  with  the  Under- 
writers' requirements,  assuming  that  rubber-covered  wire 
is  used,  (c)  Show  where  main  cut-outs  or  branch  blocks 
would  be  required  and  the  size  of  fuses  tt)  be  used  in  order 
to  protect  the  wire. 

(19)  What  are  the  four  most  important  things  to  be  con- 
sidered when  installing  a  job  of  wiring  ? 

(20)  What  is  the  effect  of  supplying  a  system  designed 
for  high  voltage,  say  104  volts,  with  low  voltage,  say 
52  volts  ? 

(21)  When  may  single-pole  switches  be  used  in  an  interior 
wiring  installation  ? 

(22)  (a)  What  is  the  smallest  size  of  wire  allowable  for 
interior-wiring  work  outsiclr  of  fixture  wiring?  (/')  If  no 
requirements  must  be  met  in  regard  l<)  line  drop,  what 
determines  the  minimum  sizes  of  wire  to  be  used  f<>r  a  given 
installati<m  ? 

(2'J)  Into  what  two  classes  of  eireuits  may  house  wiring 
usually  be  divided  ? 


J.    HI.—S6 


INTERIOR  WIRING. 

(PART  2.) 


EXAMINATION   QUESTIONS. 

(1)  By  the  aid  of  Table  I  determine  the  size  of  wire  that 
would  be  required  for  a  line  (2  wires)  extending  a  distance 
of  120  feet  and  carrying  30  amperes  with  a  drop  not  exceed- 
ing 3  volts.  Ans.   No.  6  B.  &  S. 

(2)  Find  the  area  in  circular  mils  of  a  round  wire  i  inch 
in  diameter. 

(3)  After  a  building  has  been  wired,  what  tests  should 
be  made  ? 

(4)  {a)  What  tests  and  observations  does  the  Under- 
writers' inspector  usually  make  ?  (6)  When  should  con- 
cealed work  be  inspected  by  the  Underwriters*  inspector  ? 

(5)  What  instrument  is  generally  used  in  testing  out 
connections,  and  also  in  testing  for  grounds  and  crosses  ? 

(6)  What  size  B.  &  S.  copper  wire  should  be  used,  allow- 
ing a  drop  of  2  volts,  to  supply  a  group  of  80  110- volt 
IG-candlepower  incandescent  lamps  at  a  distance  (one  way) 
of  200  feet  ?     Each  lamp  requires  ^  ampere. 

Ans.   No.  1  B.  &  S. 

(7)  What  is  the  diameter  of  a  wire  having  a  cross- 
sectional  area  of  10,S10  circular  mils  ?  Ans.  .  104  in. 

(8)  What  will  be  the  current  in  the  outside  wires  of  an 
evenly  balanced  three-wire   system  supplying  (50  lamps  if 
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fuse  blocks  and  rosettes  in  damp  places  ? 

(13)  (a)  Where  may  wooden  molding  for  wires  be  used  ? 
(/;)  Where  must  it  not  be  used  f 

(14)  What  two  important  Conditions  require  additional 
precautions  for  ship  wiring  ? 

(15)  {a)  What  appliances  do  the  Underwriters  requiret" 
lie  placed  at  a  convenient  point  near  where  the  wires  enter  a 
luiikling  in  addition  to  the  meter  that  Is  usually  installed? 
{/>)   In  what  order  should  these  appliances  be  placed  ? 

(If!)  Make  a  sketch  showinjj  how  a  lamp  or  group  if 
lamps  may  he  controlled  independently  from  two  different 
points. 

(IT)  Why  should  ),'i>i»l  mclallic  connections  be  made 
between  all  metal  conduit  pipes,  outlet  boxes,  eLc.  and  the 
ground  ? 
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(18)  {a)  Why  is  the  flexible  armored  conduit  not  so  good 
as  the  iron-covered  conduit  ?  (b)  What  kinds  of  conduits 
for  concealed  wiring  are  now  approved  by  the  Under- 
writers ? 

(19)  What  is  the  so-called  loop  system  of  wiring  ? 

(20)  What  must  be  done  when  the  size  of  wire  is  changed 
at  a  junction  box  ? 

(21)  Where  wires  are  brought  through  the  wall  to  out- 
lets or  cut-outs,  what  precautions  must  be  taken  ? 

(22)  How  must  wires  be  supported  in  concealed  knob- 
and-tube  work  ? 

(23)  Why  will  two  wires  {a)  safely  carry  more  current 
than  one  wire  of  equivalent  cross-section  and  (b)  give  the 
same  drop  with  the  same  total  current  ? 

(24)  A  wireman  having  at  hand  only  some  No.  14  wire 
desires  to  run  a  line  a  distance  of  100  feet  to  supply 
50  IG-candlepower  lamps  requiring  i  ampere  each.  How 
many  No.  14  wires  must  be  run  in  multiple  in  order  to  have 
a  drop  of  about  3  volts  ? 

Ans.   Four  No.  14  wires  on  each  side  of  the  circuit. 

(26)  In  damp  places  {a)  what  kind  of  sockets  must  be 
used  and  (d)  how  should  they  be  put  up  ? 

(26)  (a)  Where  may  single-pole  switches  be  used  ? 
{b)  Why  are  they  used  when  possible  in  .  preference  to 
double-pole  switches  ? 

(27)  Why  is  it  that  No.  14  wire  is  generally  used  for 
lamp  circuits  in  all  ordinary  dwelling  houses  ? 


a  vertical  axis  while  the  measurement  is  being  made  on  the 
photometer.     See  Art.  28. 

{11)     (rt)   From  1,250°  to  1,350°  C. 

(/')  About  ;i.  :(:i  watts  per  candlepowcr.  See  Arts.  38 
:ind  33. 

(12)      Sec  Art.  3<i.    Applying  the  rule  there  given,  we  have 
Number  of  lamps  = — =  500.     Ans, 

(i;t)  (a)  A  system  in  which  the  current  is  carried  from 
the  statiDU  to  iciiters  of  distribution  by  means  of  feeders, 
which  are  not  tapped  at  any  intermediate  point.  From  the 
distributing  centers  the  current  is  supplied  to  the  customers 
by  means  of  distributing  mains.      See  Art.  51. 

(/')  Since  lamps  arc  not  tapped  off  the  feeders  at  inter- 
mediate poinLs,  a  large  drop  may  be  allowed  in  the  feeders 
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(PART  3.) 


EXAMINATION  QUESTIONS. 

(1)  Where  it  is  necessary  to  install  wires  very  cheaply 
for  temporary  or  occasional  use  and  for  some  special  pur- 
pose, such  as  the  illumination  of  the  entire  outside  of  a 
building,  what  are  the  important  items  to  be  kept  in  view 
and  what  are  not  so  important  ? 

(2)  What  are  considered  as  high-potential  circuits  ? 

(3)  On  what  does  the  ratio  of  the  electromotive  force  at 
the  terminals  of  the  primary  and  secondary  winding  of  a 
transformer  depend  ? 

(4)  Why  cannot  the  same  protective  devices  be  used  on 
constant-current  as  on  constant-potential  circuits  ? 

(5)  What  sort  of  switches  must  be  used  for  constant- 
current  systems  ? 

(6)  (a)  What  is  a  self-restoring  annunciator  ?  (d)  What 
are  its  advantages  ? 

(7)  To  what  class  of  work  is  the  use  of  high-potential 
direct  current  almost  exclusively  confined  in  the  United 
States  ? 

(8)  Why  do  the  Underwriters'  rules  prohibit  the  oper- 
ation of  motors  or  lights  from  street-railway  circuits,  except 
on  street  cars,  or  in  car  barns,  or  railway  power  houses  ? 

(9)  State  two  particulars  in  which  the  wiring  for  con- 
stant-current arc  lamps  differs  from  that  for  other  open 
work. 

§28 


t<:mi>erature  ii 

(i)     Abnut  •Z-Ht  ohms.     Set  latter  part  of  Art.  35. 

(IH)  See  Art.  35.  The  <;iirrent  retjuired  for  each  lamp 
will   ]>c   wjiial    to  --^.^-,    and   f.ir    100    lamps   it   will    be 

~      —  llli.cili  amiMires.     Ans. 

■i-i*)  ' 

l'i>t)  (")  Tht  candle [Miwor  that  the  lamp  gives  in  the 
s.vi-r;.l  ■IJn-ilioiis  reilmred  f.  what  the  candlepower  would 
I.I-  if  ill':  li^lil  were  },'ivL-n  out  uniformly  in  all  directions. 
s.-.-  An,  ao, 

(/')      No;  lln:   mean    horizontal   candlepower  is    generally 

i'A)  TIk'  liiiosu-r  must  ^;enerale  ^5  volts  and  carry 
MHJ  ,iiii|..i.-.;  iK'd.T,  i[s  .'apacily  will  be  25  X  500  =  12,500 
w.itLs.  oi   l-:.i  IC.  W.      Any. 
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(22)  See  Fig.  30.  The  sketch  required  will  be  somewhat 
similar  to  Fig.  30  except  that  a  two-wire  circuit  should  be 
shown,  and,  of  course,  only  one  booster  will  be  required. 

(23)  In  working  the  problem,  we  will  consider  the  outside 
wires  only  and  treat  it  as  if  it  were  a  two-wire  system.  The 
current  supplied  the  lamps  E  will  be  1  ampere  for  each  pair 
of  lamps,  because  the  lamps  are  32  candlepower.  The  cur- 
rent supplied  to  branch  E  will,  therefore,  be  18  amperes. 
The  current  supplied  to  F  will  be  ^-p  =  75  amperes,  because 
these  lamps  are  of  16  candlepower.  The  total  current  in  the 
outside  wires  C  will,  therefore,  be  75  -f  18  =  93  amperes. 

(a)  The  drop  in  each  of  the  feeders  C  is  5  per  cent, 
of  110,  or  5.5  volts,  or  the  total  drop  for  both  sides  is  11  volts, 
and  by  applying  formula  6,  we  have 

.       21.6  X  93  X  300      ^,  ^^^    .         .,         . 
A  = zr^ =  54,785  cir.  mils.     Ans. 

{p)  The  mains  D  carry  75  amperes  and  the  drop  on  each 
side  is  3  per  cent.,  or  3.3  volts.  The  total  drop  in  the  outside 
wires  is,  therefore,  6.6  volts.  The  distance  is  500  feet; 
hence, 

A  =  — '- -— =  122,727  cir.  mils.     Ans. 

o.o 

(r)  In  this  case,  the  center  of  distribution  is  350  feet  from 
the  junction  box ;  hence,  the  distance  to  be  used  in  the  for- 
mula is  350  feet.  The  current  is  18  amperes  and  the  drop 
is  5  per  cent,  on  each  side,  or  11  volts  between  the  outside 
wires. 

-      21.6X18X350      ,.o«.i     •  1        A 

A  — — =  12,371  cir.  mils.     Ans. 

It  will  be  noticed  that  the  branch  feeders  and  mains  D  call 
for  a  larger  wire  than  the  main  feeders  C,  although  they 
carry  less  current.  This  is  because  of  the  longer  length  of  D 
and  the  small  drop  allowed. 

(24)  See  Arts.  41  and  48. 


ELECTRIC    LIGHTING. 

(PART  2.) 


(1)  See  Art.  67. 

(2)  See  Art.  33. 

(3)  Switches,  bus-bars,  ammeters,  voltmeters,  circuit- 
breakers  or  fuses,  rheostats,  ground  detectors,  and  lightning 
arresters.     See  Art.  1. 

(4)  {{j)  To  allow  the  voltage  on  the  individual  feeders 
running  from  the  station  to  be  varied. 

(d)     Sec  Art.  54. 

(5)  {a)  Two  rheostats  are  generally  used. 

(d)  One  is  connected  in  series  with  the  separately  excited 
field  of  the  alternator  and  the  other  in  series  with  the  shunt 
field  of  the  exciter. 

(c)  Yes,  if  a  very  fine  adjustment  is  not  required  and  if 
a  single  exciter  is  not  used  to  excite  several  alternators. 
See  Art.  48. 

(fj)     (a)  Make  a  sketch  similar  to  Fig.  37. 
{/f)  See  Art.  29  for  description. 

(7)  (n)  Current  transformers  are  used  in  connection 
with  alternating-current  ammeters  when  the  current  to  be 
measured  is  very  large  or  when  it  is  not  desirable  to  bring 
the  high-pressure  lines  in  contact  with  the  instrument, 
The  use  of  the  transformer  avoids  the  carrying  of  heavy 
currents  through  the  ammeter  and  makes  it  much  easier  to 
construct  and  connect  up. 
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ELECTRIC   LIGHTING. 

(PART  8.) 


(1)  See  Art.  107. 

(2)  Lightning,  defective  cut-outs,  rocker-arm  failing  to 
move  properly,  lamp  burning  with  an  abnormally  long  arc. 
See  Art.  83. 

(3)  The  magnet  cores  of  the  alternating-current  lamp 
must  be  laminated,  whereas  in  a  direct-current  lamp  they 
may  be  solid.  Also,  in  the  alternating-current  lamp  a 
choke  coil  is  used  to  take  up  the  excess  voltage,  whereas  in 
the  direct-current  lamp  a  resistance  must  be  used.  See 
Art.  64. 

(4)  (a)  About  iV  inch  to  ^  inch. 

(*)  About  Vt  inch.     See  Art.  82. 

(5)  The  lamp  will  overheat  and  the  regulating  coil  may  be 
burned  out  because  the  current  will  be  larger  than  it  should 
be.  The  resistance  in  series  with  the  lamp  will  be  over- 
heated and  the  enclosing  globe  may  be  melted.     See  Art.  86. 

(6)  (a)  No.  6  or  8  B.  &  S.  weather-proof  line  wire. 
No.  6  is  generally  used,  as  it  does  not  cost  much  more  than 
No.  8,  has  a  lower  resistance,  and  makes  a  stronger  and 
more  durable  line. 
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with  the  arc.     See  Art,  76. 

(//)  Ily  cutting  in  or  out  some  of  the  sections  of  the 
ch..k«;  c.il.     S.;c  Art.  7K. 

(1.'.)  (,i)  Thi^  suriL's  system,  because  it  allows  the  use  of 
a  small  current  at  h'mh  pressure,  thus  supplying  the  scat- 
tered li;,'lits  witli  but  small  loss  in  power. 

(/()  Hy  means  of  a  switch  that  short-circuits  the  termi- 
nals 'if  ihc:  lamj). 

(()  'i'lie  voltan<j  must  increase  as  the  load,  i.  e..  the  num- 
b<-r  of  lamps,  is  increased. 

{(/)  No;  tin;  current  must  remain  constant.  It  is  main- 
laincd  ,il  a  <onslaiit  value  by  means  of  an  automatic  regu- 
lator oil  lh<-  ilynamo.      See  Arts.  30  and  .'11. 

(U!)     Sec  Aris.  ;Sa  and  Xt. 

(17)      (./)   -\r.>i  watts. 

(/()   ;t()()  waits.      See  Art.  ^5. 
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(18)  (a)  Petroleum-coke  or  gas-retort  carbon. 

(6)  Because  the  impurities,  if  present  in  any  considerable 
quantity,  are  deposited  on  the  inner  globe  and  obscure  the 
light. 

(r)     Lampblack.     See  Arts.  16  and  17. 

(19)  (a)  See  Figs.  7  to  11,  inclusive. 
(b)  See  Art.  16. 

(20)  (a)  Because  the  crater  is  formed  in  the  positive 
carbon,  and  if  the  upper  carbon  is  not  made  positive, 
most  of  the  light  will  be  thrown  upwards  instead  of  down- 
wards. 

{b)  By  noting  which  carbon  remains  hot  for  the  longer 
time  when  the  current  is  turned  off.  The  upper  or  positive 
carbon  should  be  the  hotter.     See  Art.  14. 

(21)  No;  the  ends  of  the  carbons  are  nearly  flat,  due 
largely  to  the  shifting  of  the  arc  over  the  ends.     See  Art.  12. 

(22)  About  6.6  amperes  fqr  lamps  giving  1,200  nominal 
candlepower,  and  9.6  amperes  for  lamps  of  2,000  nominal 
candlepower.     See  Art.  7. 

(23)  {a)  One  in  which  the  arc  is  surrounded  by  an  enclo- 
sing globe  that,  to  a  large  extent,  excludes  the  air  from  the 
arc. 

(d)  The  consumption  of  carbon  is  very  much  less.  An 
enck)sed-arc  lamp  can  easily  burn  from  100  to  150  hours 
without  retrimming,  whereas  an  open  arc  can  burn  about 
10  hours  only. 

(c)     See  Art.  8. 

(24)  The  carbon  points  become  heated  to  a  very  high 
degree  and  become  pointed.  The  positive  carbon  becomes 
hotter  than  the  negative  and  burns  away  about  twice  as  fast. 
The  positive  carbon  has  a  crater  formed  in  the  end  and  the 
greater  part  of  the  light  is  emitted  from  this  crater.  See 
Arts.  3  and  4. 
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ELECTRIC   LIGHTING. 

(PART  4.) 


(1)  To  operate  circuit  i'  on  machine  yJ,  insert  plugs  at 
^,.-r„-^,-r,-*,-r,.  To  operate  circuits  ^  and  S'  in  series  on 
machine  C,  insert  plugs  at/,„-/-^.-<-^,-r -^,-/,-/,-^,-^.-,^,,- 

(2)  A  diagram  similar  to  Fig.  6  is  required. 

(3)  By  disconnecting  the  ends  of  the  faulty  coil  from  the 
commutator,  tying  them  back  out  of  the  way,  and  connect- 
ing the  segments  by  means  of  a  **  jumper."     See  Art.  37. 

(4)  {(i)  Those  with  open-coil  armatures  and  those  with 
closed-coil  armatures. 

(V)  The  Brush  and  Thomson-Houston  machines  belong 
to  the  first  class,  and  the  Wood  or  Fort  Wayne,  Western 
Electric,  Excelsior,  and  Ball  belong  to  the  second.  See 
Art.  16. 

(5)  See  Art.  69. 

(6)  By  connecting  one  side  of  the  voltmeter  to  the  line 
and  the  other  to  the  ground,  as  indicated  in  Fig.  3.  See 
Art.  4. 

(7)  See  Arts.  25  and  26. 

(8)  The  new  machine  is  of  the  multipolar  type  and  is  of 
considerably  larger  capacity  than  the  old  style.  It  requires 
no  wall  controller,  but  is  provided  with  a  controller  on  the 
machine  itself.     See  Arts.  22  and  23* 
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by  prii villi  11  jr  eai-h  lamp  with  a  choke  coil  that  is  cut  into 
fin-nil  ill  rase  llio  lamp  jtocs  out.  They  may  also  be  oper- 
atoil  I'v  usiiij;  a  tianslnrmi-r  with  an  adjustable  secondary, 
by  ii-^iiii;-  ,1  i-.'iistant-inrri'nt  transformer,  or  by  insertinj:;  a 
r.Mot.uuv  ill  tlu-  -ii-Liul.  this  reactance  being  arranged  so 
that  il  v,ni<'^  with  clian-es  in  the  load  in  such  a  way  as  to 
keeji  Ilu-  ,-,n-,vnl  o.nslanl.      See  Arts,   ili  to  50. 

(IT)  Improper  >eniiii;  nt  brushes,  defertivt;  air  blast, 
overload  mh  lu.ii  hinc.  speed  tt-o  low,  cross  on  line,  break  in 
Shinu   eireiiit  ol   laniiis.      See  Art,  'iO. 

(IS)  The  break  is  U.e.ued  by  lirst  grounding  both  ends 
of  tlie  circuit  at  tli.'  sKuioo,  The  circuit  is  then  opened 
about  its  middle  point  and  each  side  rung  up.  in  turn,  by 
i-oriiicciiiii;  ,,ne  terminal  m1  the  litu-  to  the  magneto  and 
the  oUier  t,.  the  ground.  After  determining  which  sido  the 
break  i-;  \u.  the  circuit  i<  CMm]>leted  at  this  point  and  the 
lineman  moves  on  to  anntlur  poiiu  about  half  way  between 
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'^he  station  and  the  last  point  tested.  In  this  way  the 
stretch  of  circuit  in  which  the  break  is  known  to  exist  is 
xiarrowed  down  to  within  small  limits.     See  Art.  S. 

(19)  See  Art.  40. 

(20)  Inaccurate  setting  of  brushes,  defects  in  air  jets, 
dirty  commutator,  too  much  oil  on  commutator,  too  large 
current,  ragged  or  bent  brushes.     See  Art.  21. 

(21)  See  Art.  39. 

(22)  To  improve  the  regulation  when  the  machine  is 
operated  on  a  number  of  lamps  considerably  less  than  its 
normal  capacity.     See  Art.  16. 

(23)  The  circuit  ends  are  left  open  at  the  station,  and 
the  different  parts  of  the  line  are  rung  up  for  grounds,  by 
opening  the  circuit  and  connecting  one  terminal  of  the  mag- 
neto to  the  line  and  the  other  to  the  ground.     See  Art.  3. 

(24)  Because  the  coil  will  overheat  on  account  of  the 
local  currents  set  up  in  it,  and  this  overheating  might  injure 
the  adjacent  coils.     See  Art.  37. 


INTERIOR  WIRING. 

(PART  1.) 


(1)  If  the  drop  is  excessive,  the  lamps  will  not  burn  with 
uniform  brilliancy,  because  the  lamps  near  the  source  of 
supply  get  a  higher  voltage  than  those  far  removed,  and 
those  lamps  on  which  the  voltage  is  low  would  give  an 
unsatisfactory  light.     See  Art.  77. 

(2)  (a)  Slow-burning  weather-proof  wire  is  allowable  for 
open  work  in  dry  places,  such  as  mill  wiring,  etc. 

(d)  It  must  be  supported  clear  of  all  woodwork  by 
means  of  porcelain,  glass,  or  other  non-combustible,  non- 
absorptive  insulators.     See  Art.  59. 

(3)  A  fuse  block  or  circuit-breaker  must  be  placed  as 
near  as  possible  to  the  point  where  the  service  wires  enter 
the  building.  Fuse  blocks  must  be  placed  wherever  there  is  a 
change  in  the  size  of  the  wire,  unless  the  fuse  in  the  cut- 
out protecting  the  larger  wire  will  protect  the  smaller  wire 
also.     See  Art.  51. 

(4)  (a)  If  lamps  are  burned  after  they  become  dim,  they 
give  out  very  little  light  compared  with  the  power  that  they 
consume;  i.  e.,  the  watts  per  candlepower  become  very 
high,  and  it  therefore  pays  better  to  put  in  new  lamps. 
See  Art.  14. 

(b)  The  effect  of  burning  a  lamp  above  its  rated  voltage 
is  to  increase,  the  candlepower,  but  at  the  expense  of  greatly 
shortening  the  life  of  the  lamp.     See  Art.  14. 
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wire,  which  melts  and  opens  the  circuit  whenever  the  current 
becomes  excessive.  These  fuses  are  provided  with  metal 
terminals  that  are  attached  to  corresponding  terminals 
mounted  on  a  slate  or  porcelain  base.  In  many  cases  the 
fuse  is  enclosed  in  order  to  protect  it  from  air-currents  and 
to  keep  it  from  coming  in  contact  with  other  substances. 
See  Art.  50. 

(W)  There  will  be  -250  lamps  on  each  side  of  the  two-i)hase 
system;  hence,  the  current  in  each  line  will  be  "2,50  X  A 
=  r.i5  amperes.      See  Art.  45. 

(10)  See  rulef.  Art.  36. 

(11)  The  open  arc  burns  exposed  to  the  atmosphere, 
whereas  the  enclosed  arc  is  confined  in  a  small  globe  from 
which  the  oxygen  is  practically  all  burned  out.  The  result 
is  that  the  carbon  burns  very  slowly,  and  such  lamps  will 
burn   100   to   160   hours   without    being    retrimmed.     The 
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enclosed  arc  is  longer  than  the  open  arc  and  requires  a 
higher  voltage.     See  Arts.  30  to  23,  inclusive. 

(12)  (a)  The  total  current  is  250  amperes,  allowing  ^  am- 

£ 
pere  per  lamp.     Resistance  = -p%=  ^Jy  =  .02    ohm.      Total 

length  of  line  wire  is  400  X  2  =  800  feet,  or  .8  thousand  feet. 

02 
The  resistance  per  1,000  feet  must,  therefore,  be  '—r  =.025  ohm. 

.o 

A  No.  0000  wire  has  a  resistance  of  .049  ohm  per  1,000  feet, 
as  may  be  seen  by  consulting  Table  V,  so  that  two  No.  0000 
wires  in  multiple  will  have  a  resistance  of  .0245  ohm  per 
1,000  feet  and  will  answer  in  this  case.     See  Art.  81. 

{d)  If  carrying  capacity  alone  were  considered.  No.  000 
weather-proof  wire  would  answer,  because  the  Underwriters 
allow  262  amperes  for  this  size  of  wire. 

(13)  The  carrying  capacity  of  rubber-covered  wire  is 
lower  than  that  of  weather-proof  wire,  because  the  rubber 
covering  is  subject  to  gradual  deterioration  under  the  action 
of  heat.     See  Art.  30. 

(14)  Because  a  resistance  must  be  used  in  series  with 
these  lamps,  and  a  portion  of  this  resistance  may  just  as 
well  be  in  the  branch  wires  connecting  the  lamp  with  the 
mains.  Of  course,  no  wire  smaller  than  No.  14  should  be 
used.     See  Art.  24, 

(15)  (a)  See  Art.  80. 

(If)  A  mil  is  equal  to  -10*0-5^  inch. 

(10)  The  amount  of  energy  supplied  to  any  one  circuit 
dependent  on  one  cut-out  is  limited  to  <>r»0  watts  by  rule  </, 
Art.  51  ;  hence,  the  numl)er  of  lamps  allowable  is  easily 
determined.  About  10  10-candlepower  lamps  per  circuit  is 
usually  taken  as  the  limit. 

(17)  See  Art.  3. 

(18)  The  illustration  shows  the  wiring  provided  with  the 
necessary  cut-outs  and  with  the  currents  indicated  in  the 
various  parts. 

J.    ///.— 58 
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for  24  amperes  capacity  and  the  other  for  46  amperes 
capacity,  as  indicated.  To  supply  branch  E^  a,  single 
branch  block  4  will  be  required,  and  its  fuse  must  not  be 
over  12  amperes  capacity.  No  branch  block  will  be  required 
at  5,  because  the  size  of  wire  is  not  changed  there.  The 
current  capacity  of  the  fuses  indicated  in  the  figure  is  the 
same  as  the  current  capacity  of  the  wires  that  they  protect. 
In  practice,  however,  fuses  of  standard  size  would  be  used, 
and  these  might  not  always  be  of  the  same  capacity  of  the 
wire.  In  any  event,  the  rated  capacity  of  the  fuse  should 
not  exceed  the  sjljo^ble^  carrying  capacity  of  the  wire  it 
protects. 

(19)  Safety,  ■  fe&tistactory  operation,  convenience  and 
neatness,  economy.     See  Art.  2. 

(20)  The  effect  is  to  greatly  increase  the  drop,  because 
the  low-voltage  lamps  require  a  larger  current  than  the 
high-voltage  ones  and  the  line  resistance  is  the  same  in  both 
cases.  The  low  voltage,  of  course,  results  in  unsatisfactory 
service,  to  say  nothing  of  the  danger  of  overloading  the 
wiring  that  is  introduced  by  the  change.     See  Art.  84. 

(21)  See  rule  c.  Art.  53. 

(22)  {a)  No.  14  B.  &  S.  .  See  rule  a,  Art.  36. 

(d)  The  current-carrying  capacity  as  given  by  the 
Underwriters. 

(23)  The  wiring  may  be  divided  into  distribution  cir- 
cuits and  mains.  The  former  run  to  the  lamps  from  the 
distributing  centers  and  the  latter  connect  the  outside  lines 
to  the  distributing  centers.     See  Art.  48. 

(24)  (a)  It  effects  a  considerable  saving  in  the  amount 
of  wire  required  to  transmit  the  current,  because  it  admits 
the  use  of  a  higher  voltage  than  the  two-wire  system. 

(i)  If  one  side  of  the  system  is  loaded  much  heavier  than 
the  other,  the  voltage  becomes  unbalanced,  and  the  devices 
connected  to  the  lightly  loaded  side  have  a  higher  voltage 
thrown  on  than  they  are  intended  for.     The  wiring  is  also 


INTERIOR   WIRING. 

(PART  2.) 


(1)  A  line  120  feet  long  having  a  drop  of  3  volts  would 
be  the  same  size  as  a  line  -^-f^  =  40  feet  long  having  a  drop  of 
1  volt.  In  Table  I,  under  40  and  on  the  same  horizontal 
line  with  30,  we  find  No.  6  as  the  size  wire  required. 

(2)  i  inch  =  125  mils.  125  X  125  =  15,625  circular  mils. 
See  Art.  6. 

(3)  Tests  should  be  made  to  see  if  all  connections  are 
correct,  and  also  to  detect  any  grounds  or  crosses  between 
wires.  All  circuits  should  be  tested  before  fixtures  of  any 
kind  are  put  up,  and  each  fixture  should  be  tested  after  it  is 
wired,  but  before  it  is  put  in  place.     See  Art.  71. 

(4)  {a)  See  Art.  73. 

(d)  Before  the  building  is  lathed  and  plastered. 

(5)  A  magneto-bell,  commonly  called  a  magneto,  that  is 
capable  of  ringing  its- own  bell  through  a  resistance  of  at 
least  5,000  ohms  is  generally  used. 

(6)  The  total  current  =  80  X  ^  =  40  amperes.  By  for- 
mula 1  the  resistance  per  1,000  feet  r„  of  the  proper  size 

wire  to  use  equals — -^ =  .125  ohm  per  1,()()()  feet. 

^  2  X  200  X  40  *  ' 

This  would  require  a  No.  1  wire,  which  has  a  resistance  of 

.124  ohm  per  1,000  feet. 
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w;iys,  llu-ii  the  resistance:  jilt  !,(»)()  ft;et  must  bi;  -   -  X  I.OdO 

=  .::>  ulini,  Tlu;  rLsisi:iiuu  nf  a  X,i,  i;  wire  jut  1,0(10  feet 
=  .:V.i4  ohm.  Let  r,  -  .il'.il  olim  ami  r^  —  the  rewistanci- 
|HT  I, 'inn  fi-,L  <■{  the  wire  reijiiired,      TIk'II,  liv  snbstitiitinj; 

_    I    _     1      _  .:i!i4  -  ,-^1      i.'i  x^Vi  _ 

""  .■•.->  ~  .:!ltt  "^  !-.'5  x",:!ii4'   ^'■"''■■'  ''■^  -  ~    ;i"44  " 

No.  s  it.  iV  S.  ^■■aiij;e  wire,  roistanc- j:-m  obniper  1,000  feet, 

rni.st  nearly  meets  this  reiiuirement.     See  Art.  17. 

(1-^)      (<7)   See  An.  IH. 
(/■)   See  Art.  li). 

(i:i)  {,>)  Wnnden  ninldinK  m:iy  be  used  in  finished  houses 
'in  eeiJinKS  an. I  walls,  ami  in  >]inw  uimlows  fur  temix.rary 
[iur|...ses.  where  it  is  desirable  I..  Iiiile  Ihe  wire  and   ^ive  t)ie 
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{b)  It  must  not  be  used  in  concealed  work  nor  in  any 
damp  places  or  where  the  difference  of  potential  is  over 
300  volts.     See  Art.  69. 

(14)  The  constant  motion  and  vibration  of  the  ship, 
which  tend  to  chafe  and  break  the  wires;  also  the  constant 
presence  of  dampness.     See  Art.  76. 

(15)  (a)  A  main  switch  and  cut-out. 

{b)  The  cut-out  should  be  placed  nearest  the  point  where 
the  wires  enter,  then  the  switch,  and  finally  the  meter.  See 
Art.  34. 

(16)  By  means  of  two  three-point  switches,  one  at  each 
point  from  which  it  is  desired  to  control  the  lamps.  Make 
a  sketch  similar  to  {a)  or  {b),  Fig.  18.     See  Art.  37. 

(17)  So  that  if  a  wire  comes  in  contact  with  any  section 
of  a  conduit  or  fitting,  there  will  be  afforded  a  direct  path  to 
ground  through  which  current  may  escape  to  earth.  This 
prevents  the  current  leaking  to  ground  through  any  other 
paths  and  thereby  reduces  the  likelihood  of  a  fire.  See 
Arts.  62  and  63. 

(18)  (a)  Because  it  is  not  waterproof  and  4S,  therefore, 
not  suitable  for  use  in  damp  places. 

{b)     Lined  and  unlined  iron  pipe. 

(19)  The  loop  system  is  one  in  w  lich  the  same  pair  of 
wires  passes  in  series  through  all  outlets  at  which  lamps  to 
be  connected  on  that  one  circuit  are  located;  that  is,  no 
branch  circuits  are  tapped  on  except  at  outlet  or  junction 
boxes.     See  Art.  57. 

(20)  The  smaller  wire  must  be  protected  by  a  cut-out. 
See  Art.  59. 

(21)  The  wires  must  be  brought  out,  for  combination 
fixtures,  through  insulating  tubes  or  an  approved  outlet 
insulator  in  such  a  manner  that  they  cannot  touch  gas 
pipes,  metal  work,  or  plaster.  At  outlets  where  there  are 
no  gas  pipes,  ordinary  porcelain  tul)es  may  be  used.  See 
Art.  22  and  rule  r.  Art.  23. 


'^  ,,  f,-i'V  -  111'"'  .,,-h  «!'■'=  V 
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{b)  They  should  be  connected  and  hung  by  separate 
nibber-covered  stranded  conductors,  not  smaller  than 
No.  14  B.  &  S.  The  two  conductors  should  preferably  be 
twisted  together  when  their  length  is  over  3  feet.  They 
should  be  soldered  directly  to  the  circuit  wires,  but  sup- 
ported so  that  the  weight  of  the  lamp  socket  and  wires  will 
not  be  borne  by  the  circuit  wires.  Rosettes  should  not  be 
used.     See  Art.  18. 

(26)  {a)  A  single-pole  switch  may  be  used  where  it  does 
not  control  over  660  watts. 

(b)  Because  they  cost  less  and  the  necessary  wiring  is 
cheaper.     See  Art.  36. 

(27)  Because  not  more  than  660  watts  are  allowed  on  one 
circuit  by  the  Underwriters  and  No.  14  is  plenty  large 
enough  to  safely  carry  the  current;  moreover,  the  distances 
are  usually  so  small  that  the  drop  is  never  too  large  on 
110-volt  or  higher  pressure  systems,  even  with  the  maxi- 
mum allowable  number  of  lamps  on  the  branch  circuits. 
No.  14  wire  being  the  smallest  size  allowed  by  the  Under- 
writers is  therefore  used  for  most  branch  circuits.  See 
Art.  32. 
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(PART  8.) 


(1)  It  is  important  to  burn  the  lamps  at  a  proper  and 
uniform  voltage,  but  the  drop  or  efficiency  is  a  secondary 
matter;  hence,  a  large  drop  may  be  allowed  and  compara- 
tively small  wires  may  be  used,  but  lamps  of  the  proper 
voltage  should  be  used  even  if  this  requires  lamps  of  differ- 
ent voltages  in  the  various  parts  of  the  circuit  or  system. 
See  Art.  10. 

(2)  See  Art.  16. 

(3)  It  depends  on  the  ratio  of  the  number  of  turns  in 
the  primary  and  secondary  coils  of  the  transformer.  See 
Art.  18. 

(4)  Because  a  protective  device  for  use  on  a  constant- 
potential  circuit  is  made  to  open  the  circuit  in  order  to  pro- 
tect it,  but  on  a  constant-current  system,  it  must  short- 
circuit  and  not  open  the  circuit.     See  Art.  33. 

(5)  See  Art.  23. 

(6)  {a)  A  self-restoring  annunciator  is  so  constructed 
that  when  a  button  is  pushed,  its  corresponding  drop  falls. 
The  next  call  operates  a  magnet  that  moves  a  restoring 
device,  which  in  turn  resets  the  first  drop. 

(b)  It  obviates  the  necessity  of  restoring  the  drops  by 
hand.  Moreover,  with  hand-restored  annunciators,  there 
may  be  one  or  more  drops  down,  due  to  their  not  having 
been  promptly  restored,  and   hence  if  another  drop  falls, 
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iKit  a  111,111  must  staiiil  iipnii  iIil-  platform  before  lie  ran 
.nirh  any  |>art  nf  ilie  marhin,-. 

(|:i|      (,:)    Rc'sistaii.x  l".x>-s  .md  miotive,  or  choke,  coiN. 

(/')  kfsUtance  l.oxfs  may  ht-  usi^d  on  direct-  or  altcrua- 
itii;-urreiit  systems,  l.ut  na.live.  or  .huke.  i-oMs.  aIthouf;h 
he  more  ee.-noiiiieal  of  the  Uv...  ean  only  he  used  on  alter- 
latiiiiJ-cnrrent  syslenis.      See  Art.  1>. 

(II)      Xo.      See  An.  «<>. 

(I.^>)     See  Art.  ^O. 

(Hi)  It  is  hesl  to  use  nihh,  r-.ovrrrd  wire  in  very  moist 
-r  wet  plaees  for  bell  ami  annuneialnr  wirin-       See  Art.  i'4. 
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(17)  Their  use  is  recommended  and  they  must  be  used 
when  required.     See  Art.  28. 

(18)  Without  special  permission  transformers  must  not 
be  placed  inside  a  building,  except  in  central  stations,  and  if 
a  transformer  is  fastened  to  an  outside  wall,  it  must  be  sepa- 
rated from  the  wall  by  substantial  supports.     See  Art.  19. 

(19)  (a)  The  most  common  form  of  theater  dimmer  con- 
sists of  a  resistance  split  up  into  a  number  of  sections,  so 
that  the  amount  of  resistance  between  the  terminals  of  the 
dimmer  may  be  varied  by  the  movement  of  a  handle  that 
controls  a  contact  device. 

(d)  In  series  with  the  circuit,  so  that  the  total  resistance, 
and  hence  the  total  current  and  intensity  of  illumination, 
may  be  varied  as  desired  by  manipulating  the  handle.  See 
Art.  9. 

(20)  Two  wires  should  never  be  fastened  under  one 
unprotected  or  uninsulated  metal  staple  and  a  staple  should 
never  be  driven  in  so  hard  as  to  cut  through  or  injure  the 
insulation  of  the  wire.     See  Art.  43. 

(21)  See  Art.  26. 

(22)  Because  all  the  air  gaps  at  the  burners  in  one  cir- 
cuit are  in  series,  and  hence  offer  a  great  resistance  to  the 
sparking  current ;  and  since  a  current  will  take  the  easiest 
path  to  ground,  it  follows  that  the  current  will  jump  to 
ground  instead  of  across  all  the  spark  gaps  if  there  is 
a  point  where  the  resistance  to  ground  is  less  than  the 
resistance  of  all  the  spark  gaps.  Consequently,  it  is  very 
necessary  to  highly  insulate  the  circuit  on  a  series  gas- 
lighting  system  in  order  to  make  the  system  work  properly. 
See  Art.  68. 

(23)  Care  must  be  taken  to  use  a  wire  large  enough  to 
carry  the  current.  The  current  required  by  the  motor  may 
usually  be  determined  from  the  name  plate,  but  if  not  given, 
the  table.  Art.  26,  may  be  used.  Also,  the  motor  must 
be  equipped  with  a  suitable  starting  box  that  complies  with 
the  Underwriters'  requirements.     See  Art.  27. 
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Note.— All  items  in  this  index  refer  first  to  the  section  (see  the  Preface)  and  then 
>  the  p&ge  of  the  section.  Thus,  *'  Annunciators  28  89"  means  that  annunciators  will 
e  found  on  page  29  of  section  28. 
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